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Option LO Wght RP Wght Inter- Wght LH2 Wght LH2 Wght Wing Wght Falrln Wght Can Wght Thrus Wght tAft Wght Tall Wght Total












1.24 1.08 1 0.13 1
1.24 1,08 1 0.13 1
1 1.02 1 0.13 1
1 1.02 1 0.13 1
1.24 1.08 1 0.13 1
1 0.96 1 0.13 1
1 0.96 1 0.13 1
1 0.96 1 0.13 1
1 0.96 1 0.13 1
0.85 1.7 0.94 0 0
0.85 1.7 1.11 0 0
0.88 1.7 0.94 0 0
0.88 1.7 1.11 0 0
0.88 1 0.94 1 0,83
1.12 2.25 1.01 0 0
1.12 2.25 1,08 0 0
1.15 2.25 0.88 0 0
1.15 1 0.73 1.3 0.84 1
1 1.99 1 0.33 0
1 1.99 1 0.33 0
1.2 2.05 1 0.46 0
1.2 2.05 1 0.46 0
1 1.99 1 0.33 0
1 2.01 1 0.4 0
1 2.01 1 0.4 0
1.3 2,18 1 0.53 0






2A-l-lnt-Opt 10 1 0.98 1 0.13
2A-l-lnt-Opt 11 1 0.96 1 0.13
2A-l-Wng-Opt 10 1 0.96 1 0.13 1
2A-l-Wng-Opt 11 1 0.96 1 0.13 1
2A-t-Wng-Opt 12 1 0.96 1 0,13 1
2A-I-Tell-Opt 11 1 0.96 1 0.13 1
2A-1-CS-Opt 11 1 0.96 1 0.13 1
2A-t-CS-OPt 14 1 0.96 1 0.13 1
2A.3-Wn-Opt 11 1
2B-1-OTF5 1
1 1.12 2.25 1.01




1.41 1.37 1.5 0.16 1.5 0.60 1.7 0.98 0
1.41 1.37 1.5 0.16 1.5 0.60 1.7 1.25 0
1.18 1.21 1 0.13 2 1.35 1.7 1.01 0
1.16 1.21 1 0.13 2 1.35 1.7 1.22 0






1.12 2.25 1.01 0
1.12 2.25 1.01 0
1.12 2.25 1.01 0
0.96 1 0.13 1 1.12 2.25 1.01 0
0.96 1 0.13 1 1.16 I
1
I
0.72 1.3 0.84 I
0 1 1.93 1
0 1 1.93 1
0 1 1.83 1 0 0
0 1.1 1.83 1 0.17 0
0 1 1.99 1 0.33 0
0 1 2.01 1 0.4 0
0 1 2.01 1 0.4 0
0 1.3 2.18 1 0.4 0
0 1.2 2.18 1 0.4 0
0 1.5 2.74 1 0.4 0
0 1 2.01 1 0.4 0
0 1 2.04 1 0.4 0
0 2.11 1 0.4 0
0 2.20 1 0.4 0
1.96 1 0.42 0
0 1.2 0.61 1 0.18
0 1.2 0.61 1 0.18
0 1.2 0.67 1 0.14
0 1.2 0.67 1 0.14
0 1.2 0.61 1 0.18
0 1.2 0.61 1 0.17
0 1.2 0.61 1 0.17
0 1.2 0.67 1 0.14
0 1.2 0.60 1 0.31
0.34 1 0.19 1.2 0.64 1 0.18
0.34 1 0.19 1.2 0.64 1 0.22
0 1 0.80 0 0.00
0 1.2 0.67 0 0.00
0 1.2 0.61 1 0.18
0 1.2 0.89 1 0.31
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0.17
0 1.2 0.69 1 0,17
0 1.2 0.69 1 0.17



























_L'L gt,'O K)'L 0_'0 _I_'L g_'o _L'L gd.LO'L-8_
_'L glr'O _L'L 0_'0 ;_g'L gG'o LI.'L LLIdO-§UM-e-V_
gL'L gt,'O LL'L OZ'O L_'L gc'o I_" L leL_O'SO-L'V'_
gt't gv'o OL'L 0_'0 9Z'L g_'o 9L'L LLKIO-SO-L-_
9L'L gt,'O LL'L Og'O 9C'L g_'o ZL'L LLIdO-IleJ.-L-V_
gt,'L gt,'O LE:'L 07,'0 SL'L g_'o gl_'L _LIdo-BuM-L-_r_
L_'L gt,'O 8L'L Og'O Lg'L g6"o 6;'L |LIdo-BuM-L-_
_Ul)lUeU UOlleOlJllJeO el.-O8
./J
1A O tion Ranked Best For v er,T,ca :ion Effort
._,'-/'C.j r V
SSTO : _.l
Elb. Verification Effort - (Qualitative evaluation) - The candidate vehicle options are rated according to the perceivedeffort of analysis, development testing, demonstration testing, and inspection required for verification of Jstructure and TPS. Verification includes certification plus the addition of inspection to ascertain adherence ofthe as-built vehicle to drawings and specifications.
Verification (Low Is Best)
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lal Wght la2 Wght la3 Wght lbl Wght Gran





1.00 0.28 1.00 0.16 1.00 0.36 1.05 0.20 1.01
1.01 0.28 1.03 0.16 1.04 0.36 1.09 0.20 1.04
1.10 0.28 1.07 0.16 1.04 0.36 1.08 0.20 1.07
1.11 0.28 1.09 0.16 1.08 0.36 1.12 0.20 1.10
1.07 0.28 1.40 0.16 1.03 0.36 1.16 0.20 1.12
1.07 0.28 !1.25 0.16 1.08 0.36 1.23 0.20 1.14
1.06 0.28 1.27 0.18 1.10 0.36 1.24 0.20 1.15
1.14 0.28 1.13 0.16 1.18 0.36 1.24 0.20 1.17
1.02 0.28 1.34 0.16 1.04 0.36 1.29 0.20 1.13
1.29 0.28 2.46 0.16 1.13 0.36 1.00 0.20 1.36
1.35 0.28 2.67 0.16 1.20 0.36 1.13 0.20 1.46
1.25 0.28 2.50 0.16 1.19 0.36 1.29 0.20 1.44
1.28 0.28 2.62 0.16 1.28 0.36 1.45 0.20 1.53
1.05 0.28 1.16 0.16 1.01 0.36 1.06 0.20 1.06
1.16 0.28 1.43 0.16 1.11 0.36 1.26 0.20 1.21
1.12 0.28 1.43 0.16 1.10 0.36 1.24 0.20 1.19
2A-1-Wng-Optl0 1.21 0.28 1.81 0.16 1.20 0.36 1.26 0.20 1.28
2A-1-Wng-Opt11 1.19 0.28 1.61 0.16 1.18 0.36 1.26 0.20 1.27
2A-1.Wng-Opt12 1.35 0.28 1.78 0.18 1.37 0.38 1.34 0.20 1.42
2A.1-TalI-Opt11 1.12 0.28 1.36 0.16 1.11 0.36 1.25 0.20 1.18
2A.1.CS-OpIll 1.16 0.28 1.26 0.16 1.10 0.36 1.25 0.20 1.17
2A-l-CS-Op114 1.23 0.28 1.27 0.16 1.11 0.36 1.26 0.20 1.20
2A-3-WnQ-Opt11 1.11 0.28 1.62 0.18 1.12 0.36 1.27 0.20 1.23
2B-1-OTF5 1.12 0.28 1.32 0.16 1.04 0.36 1.29 0,20 1.16
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1A-l-lnt-Opt 11 1 1.08
2A-l-lnt-Opt 10 1.3 0.98
2A-l-lnt-Opt 11 1.3 0.96
Wght RP Wght Inter. WgM LH2 Wght LH2 Wght Wing Wght Falrln Wght Can Wght Thrus Wght Aft
tank tank Tank tank gs aid t Skirt
outer struct
shell
2A-l-Wng-Opt 10 1.3 0.98
2A-l-Wng-Opt 11 1.3 0.96
2A-l-WnQ-Opt 12 1.3 0.96
2A-I-Tall-Opt 11 1.3 0.96
2A-1-CS-Opt 11 1.3 0.96
2A-I-CS-Opt 14 1.3 0.96
ZA-3-Wng-Opt 11 1.3 0.96
2B-1-OTF5 1.3 0.96
1 0.13 1 0.85 2.5 0.94 0 0 1 1.99 1 0.33 0 0 1 0.61
1 0.13 1 0.85 2 1.11 0 0 1 1.99 1 0.33 0 0 1 0.61
1 0.13 1 0.88 2.5 0.94 0 0 1.3 2.05 1 0.46 0 0 1 0.67
1 0.13 1 0.88 2 1.11 0 0 1.3 2.05 1 0.48 0 0 1 0.67
1 0.13 1 0.88 1.5 0.94 1.3 0.83 1 1.99 1 0.33 0 0 1 0.61
1 0,13 1 1,12 3 1,01 0 0 1 2,01 1 0.4 0 0 1 0.61
1 0.13 1 1.12 2.5 1.08 0 0 1 2.01 1 0.4 0 0 1 0.61
1 0.13 1 1.15 2.5 0.88 0 0 1.3 2.18 1 0.53 0 0 1 0.67
1 0.13 1 1.15 1.5 0.73 1 0.84 1 1.96 1 0.42 0 0 1 0.60
2 0.18 1.2 0.60 1.5 0.98 0 0 1 1.93 1 0.34 1 0.19 1 0.64
2 0.16 1.2 0.60 1 1.25 0 0 1 1.93 1 0.34 1 0.19 1 0.64
1 0.13 1.2 135 1.5 1.01 0 0 1 1.83 0 0 0 0 1.3 0.80
1 0.13 1.3 1.35 1 1.22 0 0 1.1 1.83 0.5 0.17 0 0 1.1 0.67
1 0.13 1.4 0.95 2.5 0.94 0 0 1 1.99 1 0.33 0 0 1 0.61
1 0.13 1.6 1.12 3 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69
1 0.13 1.4 1.12 3 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 1.6 2.18 1 0.4 0 0 1 0.69
1 0.13 1 1,12 3 1.01 0 0 1.4 2.18 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 2 2.74 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 1.2 2.04 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 1.5 2.11 1 0.4 0 0 1 0.69
1 0.13 1 1.12 3 1.01 0 0 1.4 2.20 1 0.4 0 0 1 0.69
1 0.13 1 1.16 1.5 0.72 1.3 0.64 1 1.98 1 0.42 0 0 1 0.60
Wght Tall Wght 1Total
score
1 0.18 1 0.5 8.02
1 0.18 1 0.5 7.89
1 0.14 1 0.5 8.81
1 0.14 1 0.5 8.68
1 0.18 1 0.5 8.19
1 0,17 1 0.5 9,21
1 0.17 1 0,5 8.88
1 0.14 1 0.5 9.40
1 0.31 1 0.5 8.25
1 0.18 1 0.5 9.03
1 0.22 1 0.5 8.85
0 0.00 1 0.5 9.05
0 0.00 1 0.5 8.86
1 0.18 1 0.5 8.50
1 0.31 1 0.5 10.10
1 0.17 1 0.5 9.74
1 0.17 1 0.5 10.77
1 0.17 1 0.5 10.33
1 0.17 1 0.5 12.76
1 0.17 1.,_ 0.59 9.50
1 0.17 1 0.5 9.73
1 0.17 1 0.5 10.45
1 0.17 1 0.5 10.36
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IA-I 1.02 0.701.030.30 1.02
1A-2 1.00 0.701.030.30 1.01
IA-3 1.12 0.701.000.30 1.08
IA-4 1.10 0.701.000.30 1.07
IB-I 1.04 0.701.090.30 1.05
2A-1 1.17 0.701.200.30 1.18
2A-2 1.13 0.7011.20 0.30 1.15
2A-3 1.19 0.70 1.16 0.30 1.18
2B-1 1.05 0.70 1.26 0.30 1.11
3A-1 1.14 0,70 1.81 0.30 1.34
3A-2 1.12 0.70 1.81 0.30 1.33
4A-1 1.15 0.70 1.65 0.30 1.30
4A-2 1.12 0.70 1.65 0.30 1.28
1A-l-lnt_)pll0 1.08 0.70 1.03 0.30 1.06
2A-l-lnt_pI10 1.28 0.70 1.20 0.30 1.26
2A-1-lntK)pI11 1.23 0.70 1.20 0.30 1.22
2A-l-WnQ4_ot 10 1.37 0.70 1.20 0.30 1.32
2A.l-Wng_:_pt 11 1.31 0.70 1.20 0.30 1.28
2A.l-WngA_pI12 1.62 0.70 1,20 0.30 1.49
2A-1-TallK)pI11 1.20 0.70 1.20 0.30 1.20
2A-l-CS_11 1.23 0.70 1.20 0.30 1.22
2A-l.CS4_:1114 1.32 0.70 1.20 0.30 1.29
2A_l-Wng_111 1,31 0,70 1.20 0,30 1.28
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DESIGN AND PRODUCTION COMPLEXITY - IHM Effort
The candidate vehicle options are rated according to the perceived effort of development and installation of IHM.. For example,
stringer skin constructions have a limited number of components (skin and TPS layers). However, the complexity of the design will
cause more intensive instrumentation to monitor, more intensive inspections and more intensive maintenance. This category is assessed
on the surface are that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a
particularly difficult design the more difficult the structure will be to inspect, monitor and maintain. The critical features of these
designs were considered to be stringer/skin designs, non-integrated designs and material selections.
In general, the design and production complexity - IHM effort was based on several assumptions. These assumptions reflect the
difficulties of inspection and instrumentation of the design configurations during the fabrication process, in-flight monitoring and post-
flight testing as applied to design and materials selections. This assessment of the different design configurations of SSTO is based on
several general assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations
during the three phases of the vehicles life: 1) Fabrication, 2) Post-flight testing and 3) IHM instrumentation as applied to design and
materials selections.
Design Assumptions
Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.
Complexity of design
Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.
Surface Area
Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
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The critical feature factor of stringer design evaluation as applied to in-flight IHM monitoring indicated that This configuration has a
greater number of critical points of instrumentation. The bond lines and comers associated with the stringer stiffeners are stress
concentration points that would require a concentrated level of instrumentation. It is considered that the acoustic emission transducers
would be concentrated along the stringers and that the configuration complexity would make the signals more difficult to interpret. A
correction factor of 3.0 was applied to the stringer designs to compensate for these difficulties
The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.
Critical feature factor of non integral designs
The critical feature factor of non integral design evaluation as applied to the fabrication processes indicated that these designs have
multiple skins that would require multiple inspections prior to installation. This design also increases the number of bond lines. In
addition it was considered that a structure would have to support the internal tank that would increase the number of critical inspection
points. A correction factor of 2.0 was applied to non integral designs to compensate for these difficulties.
The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non integral designs to compensate for these difficulties.
The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.
Critical feature factor of designs which utilize ceramic composites
The critical feature factor of designs that utilize ceramic composites as applied to fabrication inspections indicated that there has been
limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may require
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Criticalfeaturefactorof designs which utilize a mechanical TPS attachment
The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with this design. This indicated that inspection of this material may require advanced techniques or
development of techniques to inspect the mechanical attachments and the gaps. Therefore a correction factor of 2.0 for designs with
mechanical attachments.
The critical feature factor of designs that utilize a mechanical attachment as applied to fabrication inspections indicated that there would
be additional difficulties associated with in flight IHM monitoring. NDI techniques may have to be concentrated to adequately monitor
the mechanical attachments. In addition it is suspected that the attachments may not adequately transfer an acoustic signal from the
panel to the base. This may require advanced techniques or development of techniques. It is also expected that if these techniques
cannot be developed, then the outer panels may not be monitored during flight. Therefore a correction factor of 2.0 for designs with
mechanical attachments was applied.
The critical feature factor of designs that utilize mechanical attachments as applied to post flight inspections indicated that there may be
additional difficulties associated with post flight inspections. This indicated that inspection of this material may require advanced
techniques, development of techniques and concentrated inspections. A correction factor of 2.0 was applied to designs with mechanical
attachments to compensate for these difficulties.
Trade study process
The trade study consisted of a composite score for each of the design configurations for each of the three phases of the vehicles life (in
fabrication inspection, post flight inspection and in flight inspection). The composite score for each of these categories is based on
composite structure configuration, fracture critical areas, general surface areas as applied to each component of each configuration for
fabrication, post flight inspections and in flight monitoring. The score represents the relative difficulty level in inspecting each
component. The three parts of the composite score (fabrication, in-flight IHM and post-flight inspection) are weighted equally for the
scope of this investigation. The scores are then converted to a 1 to 10 approximation based on 10 being the highest composite score.
The composite scores were based on several assumptions related to the design configurations. The following general and critical areas
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose,
canard, payload canister areas are not included in this investigation.
24
_g
•opnl!u_tu jo _apJo u_ ,_q uo!laodsu! jo ,_lln3!jJ!p aql as_a._3u! plnoa salq_lxe^ asaql l_ql po_ap!suoa
£1l_Jaua_ s_M II "13a.foJd IAIHI/'dGN oql ol pa!Idd_ s_ (sla_luelq IItVZ _o 18dV pu_ sal!sodtuoa a!tu_Ja3) so!aua!3!jop i_pol_tu pu_
(su_!sop pol_J_alu! uou pu_ Jo_u.uls)'so_m_oj u_!sop pol_3!idtuo3 _oj slao_Joa _ola_j oml_oj i_3.t1!_3 oq,L "OJ!l so_nlamls oql jo sos_qd
oaJql oql jo qa_o Joj Jo_a_j oml_oj i_a.q!_D (_ pu_ s_o£_l Sd,L jo "ON (Z 'supls jo "ON (I sl! ol _u.tp_oaa_ po_ o_oa som_arms oq,L
s!s£l¢U¢ ui_!sop Sd.L/oanlznals
_6gI _0_ ,_00_ LI_ ,PlZL
0619 _9_ ,0ffC_ 0_P ,I6_9 E
_6_I LL_ _08_ _0L 60_9 _V_
_6gI _ _9_ _I9 0_69 _VI
_ouoD _luD _ouoD _3ppD _OUOD
_U_ZdH _u_z_Oq _u_zzOq _u_Z_Hq _u_z _Hq uo0_m_!juoD
S_lUeZ jo seox,¢' o3ejan S paletu!lsH "I olqe,L
aol3ed aJnlead le3!l!aD pou!qtuoD = aol3ed oanleod l_3.tl.uD X lelolqns
I_lolqns = s._o£el Sd£ jo "ON + suPis jo 'ON
:uo!l_ln_Ie3 _u!aOllOJ rot} q_no:tql po^.u.re s_a uo!ldo o_nlatuls q3_a _oj _o_a_j o.ml_oj I_3!1.u3 pou!qtuo3 oqz
Table2. Numberof variables and applied difficulty factor
Trade No. of No. of Sub total Fabricatio IHM in- Post-flight




1 1 2 3 2:0 3.0 3.75
2 2 2 4 1.0 1.0 2.0
5 4 3 7 4.0 4.0 4.0
7 4 3 7 4.0 4.0 4.0
8 1 2 3 2.0 3.0 3.75
9 2 2 4 1.0 1.0 2.0
10 2 2 4 2.0 2.0 2.0
11 2 2 4 1.0 1.0 2.0
12 1 1 2 4.0 6.0 5.0
13 1 1 2 2.0 3.0 3.75
14 1 1 2 8.0 6.0 10.0
Table 3. Critical Feature Factors
Design deficiency Fabrication IHM
Sandwich structure 1.0 1.0
Stringer design 2.0 3.0
non integral design 2.0 2.0
ceramic materials* 1.5 1.0
AFRI or TABI 1.0 1.0
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FEATURE GENERAL FEATURE GENERAL CRITICAL GENERAL FEATURE
FACTOR AREA AREA FACTOR AREA AREA AREA FACTOR AREA FACTOR
6940 1228 4565 844 1593 4705 4705
1A-1 FAB 6 41640 7368 6 27390 5064 9558 4 18820 56460 166300














































6940 1228 4565 844 1593 4705 4705































1A-4 FAB 4 27760 4912 6 27390 5064 9558 4
IHM 4 27760 4912 9 41085 7596 14337 4
















6940 1228 4565 844 1593 4705 4705
1Bol FAB 28 194320 34384 6 27390 5064 9558 4 18820 56460 345996
IHM 28 194320 34384 9 41085 7596 14337 4 18820 56460 367002
POST 28 194320 34384 11.25 51356.25 9495 17921.25 8 37640 56460 401576.5
1114575 4.003667
6509 1408 4805 554 1593 4705 4705
6 28830 3324 9558 4 18820 56460 164494
IHM 9 58581 12672 9 43245 4986 14337 4 18820 56460 209101
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11.25 73226.25 15840 11.25 54056.25 6232.5 17921.25 8 37640 56460 261376.3
634971.3 7.027696
6509 1408 4805 554 1593 4705 4705
2A-1 FAB 6 39054 8448 6 28830 3324 9558 4 18820 56460 164494
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1A-1 And 1A-1 Intertank Options Have _owest __
Primary Structure Weights
SSTO " _]
Primary structure weight- (Quantitative evaluation) - The candidate vehicle options are rated according to the
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1B-1 And 1A-1 Intertank Options Option Have Lowest  
TPS Wei hts
SSTO _ _
TPS weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the determined
total TPS structure weight.
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1A-1 And 1A-1 Intertank Options Have Lowest
Vehicle Dry Weights SSTO
Total dry weight - (Quantitative evaluation) - The candidate vehicle options are rated according to the
determined total Vehicle dry weight.
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1A-1 And 1A-1 Intertank Options Have Lowest
Vehicle Gross Fueled Weights ssTo
Gross fueled weight sensitivity - Quantitative Evaluation - The candidate vehicle options are rated according to
the determined gross vehicle weight.
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1A, 2A, And 2B Options Ranked Best For Lowest j_
Number of Feed Line Tank Penetrations SSTO-__
"1
on the basis of the number of penetrations required for the propellant feed system. Included in this comparison |
is whether internal or external sumps are required, and if so how many. 14a.
Number of feed line tank penetrations - (Quantitative evaluation) - The candidate vehicle options are compared
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4A Options Ranked Worst- Largest Number of ,_
Pro ellant Suction Lines ssTo '_
I 4b. Number of propellant suction lines - (Quantitative evaluation) - The candidate vehicle options are compared on the |
basis of the number of propellant suction lines (similar in principle to that used on the STS-ET LH2 tank) which Jpenetrate the tank. The use of suction lines, though offering advantages in intertank length, results in additionalcomplexity feed system design and operational complexity due to the incorporation of high point bleeds.
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4A Options Ranked Best For Ease Of Integrating ,_
Propellant Slosh Baffles Within The Tank ssro
options are rated according to the fabrication process and degree of difficulty associated with fabricating and4c.
Ease of integrating propellant slosh baffles within the tank - (Qualitative evaluation) - The candidate vehicle
instalfing propellant slosh baffles to the inside tank walls.
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2A-1 -Int-Optl0
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2A-1 - Wg-Optl 1
2A-1 - Wg-Op112
2A-1 - Tl-Opll 1
2A-1 - CS-Optl 1
2A-1 - CS-Opt14
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Options 1B and 2B Ranked Best For Ease Of
Tank Cleanin ssTo -__
/
complexity associated with cleaning the propellant tanks with non-freon based chemicals following both initial |
tank fabrication, and subsequent maintenance activities within the tank. !
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2A-1 Wg-Opt121
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Ranking (High Is Best)
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2A And 2B Options Ranked Best For Highest %
ascent controllability provided by engine thrust vector control and vehicle characteristics.
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Options 2 Ranked Best For Hypersonic A_
Controllability
SSTO " _
Hypersonic controllability- (Qualitative evaluation) - The candidate vehicle options are compared on the basis
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Options 2 Ranked Best For Subsonic
Controllability ___
SSTO '-; _/
Subsonic controllability - (Qualitative evaluation) - The candidate vehicle options are compared on the basis of
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Ranking (High Is Best)
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On Pad And Maintenance Operations Analysis
Performed B Downe And KSC LSS Personnel .__
SSTO " _ /,y
Operations Mary Manley- RI Downey Advanced Programs
Chuck Urrutia- RI KSC Advanced Programs
TPS Operations Mike Gordon - RI KSC LSS
Propulsion Steve Coester- RI KSC LSS
Steve Petrilla - RI Downey Propulsion
IVHM Edward Litwinski
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Ranking Calculated Based On Fueling For Serial, Parallel






[ype Load (P - Parallel,
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Option 1 Ranked Best For Fewest Additional j_
Subs stems Re uired For On Pad O erations
SSTO _ _//
6b.
Subsystems for on pad operations - (Quantitative evaluation) - The candidate vehicle options are compared on •
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1A-1 1A-2 1A-3 1A-4
Wt Score iWt,d, Score Wt'd : iI t Score Wt'd Scor( _/t'd
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Wt Score jWt'd
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Propellant Loading, Storage and Transfer
System (LH2, LO2, RP-1)
Prelaunch engine purge system (Heated
GN2)
Post Scrub/Abort engine purge system
(GN2 and Helium)
Helium supply system for engine purges
valve activation
Hazardous Gas Detection System
Helium purge system to inert possible leal
sources & prevent icing at ground











Propellant tank purge, stand by Not a discriminator







Based on number of systems only.
Because disconnect is automatic, no one disconnect poses more operational activities than another
Complexity
LH2 Recirculation 50%
GSE Purge System 50%
OP_10DN.XLS - Sys. Requiring Disconnect
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Option 3A-1 Ranked Best- Smallest Vehicle Size
And Weight Leads To Smallest Facilities .__
SSTO __ _/
I 6d. Facilities (Qualitative evaluation) - The candidate vehicle options are compared according to the number of |
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Option 2A-1 Intertank Option 10 Ranks Best For
Lowest Inspection, Replacement & Repair HoUrSssro
7a. Wide area coverage - (Quantitative Analysis) - The candidate vehicle options are compared based on the wide
area coverage (square footage ) that will have to be inspected, monitored, and maintained.
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AFRSI Factor Formula = (l/Shuttle AFRSI Area) ° # Shuttle Replcmts * Durabllity*(Rain Impact*%Prob. +No Rain Impact'(1-% Prob.)
TABI Factor Formula = (l/Shuttle AFRSI Area)" # Shuttle Replcmts * Durablllty*(Raln Impact*%Prob. +No Rain Impact*(1-% Prob.)
AETB Factor Formula = (l/Shuttle HRSI Area) * # Shuttle Replcmts* Durablllty*(Rain Impact*%Prob. +No Rain Impact*(1-% Prob.)
Cslc Factor Formula = (llShuttle HRSI Area) * # Shuttle Replcmts ° DurablUty*(Raln Impact*%Prob. +No Rain Impact°(1-% Prob.)
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AETB - Fwd Fus 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
AETB- Wing/EIvn 0.14 0.13 0.14 0.13 0.13 0.13 0.14 0.13 0,13 0.13 0.14 0.14
AETB- BF/Stub* 0.11 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.10 0.11 0,11 0.11
AFRSI- Fwd Fus 0.16 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
AFRSI - LH Tank 1.07 0,73 0.87 0.83 0.86 0.84 0.89 0.84 0.83 0.84 0.87 0.00
AFRSI - Intedank 1.08 1.05 0.00 1.06 1.20 1.17 1.25 1.17 1.16 1.17 1.22 1.28
AFRSI - LO Tank 0.25 0.39 0.46 0.44 0.45 0.44 0.47 0.44 0.44 0.44 0.46 0,48
AFRSI - Thrust Skirt 0.00 0,18 0.20 0.19 0.19 0.19 0.20 0.19 0.19 0.19 0.20 0.21
AFRSI- Thrust Cone 0.42 0.36 0.39 0.37 0.39 0.38 0.40 0.38 0.37 0.38 0.39 0.41
AFRSI - WinoJFIvn 0.56 0.52 0.56 0.53 0.08 0.53 0.09 0.54 0.40 0.40 0,56 0,58
AFRSI - Tail 0.47 0.43 0.46 0.44 0.46 0.45 0.47 0.45 0.44 0.45 0.47 0.48
AFRSI- BF/Stub 0.15 0.14 0.15 0.14 0.15 0.15 0.15 0.15 0.14 0.15 0.15 0.16
TABI- Fwd Fus 0.12 0.07 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0,05 0.05 0.06
TABI - LH Tank 0.39 0.26 0.19 0.18 0.18 0.18 0.19 0.18 0.18 0.18 0.19 0.00
TABI - Intedank 0.26 0.32 0.00 0.32 0,33 0.32 0.34 0.32 0.32 0.32 0.34 0.35
TABI - LO Tank 0.06 0.08 0.17 0,16 0.16 0.16 0.17 0.16 0.16 0.16 0.17 0.17
TABI - Wing/EIvn 0.11 0.11 0.11 0.11 0.00 0.11 0.00 0.11 0.11 0.04 0.11 0.12
TABI - Tail 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CSIC - LH Tank 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.35
3SIC - Intedank 0,00 0.00 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CSIC - Win_/Elvn 0.00 0.00 0.00 0.00 0.20 0.00 0,13 0.00 0.00 0.04 0.00 0.00
Total Replacements 5.39 4.96 4.46 5.15 5.04 5.28 5.14 5.30 5.09 5.14 5.51 4.99
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AETB - Fwd Fus 0 1
AETB - Wing/Elvn 3 2
AETB - BF/Stub* 2 2
AFRSI - Fwd Fus 5 2
AFRSI - LH Tank 30 22
AFRSI - Intedank 31 29
AFRSI - LO Tank 8: 12
AFRSI - Thrust Skirt 0 5
AFRSI - Thrust Cone 12 10
AFRSI - Wing/Elvn 16 15
AFRSI - Tail 9 8
AFRSI - BF/Stub 3 3
TABI - Fwd Fus 3 2
TABI - LH Tank 11 8!
;TABI - Intertank 7 9
rABI - LO Tank 2 3
TABI - Wing/Elvn 3 3
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CSIC - LH Tank 0 0
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Options 1A-3,-4, 2A-3, And 2A-3 Wg-Optl 1
Ranked Best For Localized Area Coverage
SSTO ' _J
I
complexity of local area coverage requirements (critical joints; localized high stress areas) within the each of
the candidate vehicles. l
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Number of fracture critical components
The level of inspection over the localized area coverage will not be consistent over the entire vehicle. Fracture critical items (i.e., tank
splices, stringers and fittings) will require more intensive inspections and instrumentation than less critical components. Therefore,
design configurations that have the largest number of fracture critical components will require the largest number of inspections and
instrumentations.
Number of components inspected
Non integrated design configurations have a larger surface area, are more complex and have more critical components. These problems
directly effect the NDI/IHM programs by increasing the number of inspection points and area to be inspected.
Materials Assumptions
Due to a lack of information on the composite/TPS structures, it was assumed that the IM7/977-2, AFR 700, Gr/BMI, TMC composite
materials and AI-Li alloys have approximately same adaptability to NDI/IHM techniques. In general, the TPS materials assumed that
the flexible blanket insulation is considered non inspectable by means other than visual inspection and the C/SiC is more readily
adaptable to NDI/IHM.
Critical feature factors
The primary number of components was considered to be the number of skins and the number of TPS layers. The identification of a
critical design or material in each of the vehicle structures was evaluated and assigned a critical feature factor. This factor reflects the
effect the critical feature will have on the post flight inspections. It was generally considered that these variables would increase the
difficulty of inspection by an order of magnitude for each critical factor.
The critical feature factor of stringer design evaluation as applied to post-flight inspections indicated that due to the tight bend radius
would be difficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.
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Table 1. Estimated High Stress Surface Areas of Tanks
Configuration LH2 Tank LO2 Tank RP Tanks Wings
Critical Critical Critical
IA&B 614 422 2352 4705
2A&B 704 277 2352 4705
3 430 362 2164 4705
4 417 405 2352 4705
Table 2. Number of variables and applied critical feature factor
Trade No. of skins No. of TPS Sub Total Design Critical Critical Feature
option layers Feature Factor Factor
1 1 2 3 3.75 11.25
2 2 2 4 2.0 8
5 4 3 7 4.0 28
7 4 3 7 4.0 28
8 1 2 3 3.75 11.25
9 2 2 4 2.0 8
10 2 2 4 2.0 8.0
11 2 2 4 2.0 8
12 1 1 2 5.0 10
13 1 1 2 3.75 7.5
14 1 1 2 10.0 20
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Accessibility
LH2 TANK & LINES
Configuration 1A: LH2 Tank FWD (Integral)
By definition, Integral means that there are no cavities between the tank and the fuselage structure.
Therefore, during a 7 day (or less) ground turnaround, there will be no inspection of that area. An inner
tank inspection can be performed through the "dollar panel." This panel normally houses the sump
hardware. The sump hardware must be removed for borescope access or other robotics device to check
the condition of the inner tank structure. It may also be possible to gain access to the inner tank through
a tank line.
The tank may have two kinds of sensors, Quantity and Density sensors. The Quantity sensor is a
tube-like device which is used to measure tank level and if failed, can be repaired through the
dollar panel/access panel.
The Density sensor is used to measure the mass of the fuel or oxidizer. It is a block shaped piece of
hardware bolted and sealed to the inner tank wall. If failed, removal and replacement would require
disassembling parts of the fuselage, insulation, and the opening of a panel which houses the sensor
block. This would not be minor and would not support a 7 day turnaround.
The scores were low for the LH2 tank because of the limited access, i.e., dollar panel with sump
hardware remove and replace required or access through tank lines.
Configuration 2A: LH2 Tank AF (Integral)
The tank may be 2/3 Integral with 1/3 bottom faring & carriage. This would require access to the exterior
tank areas for inspection. With this exception, the description of LH2 Tank FWD for Configuration 1A
holds true.
Configuration 3,4:LH2 Tank FWD (Integral)
The description given for Configuration 1A applies here as well.
OP_IODN.XLS - Accessibility
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Accessibility
There is an Engine MPS cone. Outside the cone are mounted the Engines (7 RD704s) and all their components.
There are furthermore panels which enclose the components for protection. Opening these panels provide easy
access to engine Turbo Pumps, and other components.
Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.).
MPS FEED LINES
All Configuration:
Between the Engines there is an access door to the cone where inspection is required.
Access to these areas is good and will only require the appropriate GSE (work stands, tools, etc.).
AVIONICS - UNPRESSURIZED
The Avionics Bays are located along the sides of the Nose Wheel Landing Gear Wheel Well wall access during
ground turnaround. The location accommodates 24 square feet of "one-box-deep" volume on either side of the
Wheel Well. One goal is Passive Cooling to eliminate Coldplate Systems. Another goal is to be able to install all
Avionics in the unpressurized area.
AVIONICS - PRESSURIZED
There may be a compartment/cell where Partial-Atmospheric will hold a few Avionics boxes. Access and
satisfactory reconfiguration and test will make this area more difficult/complex during the process timeline.
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The location of the Batteries will be AFT around the Wing and near the Main Landing
Gear. The Batteries are needed for the high amperage required by the EMA's, e.g., cycling
elevons.
Accessibility will be the same for all vehicle configurations.
Wire/Fiber Optics
All Configurations:
For Power, Copper Wire is still planned. Fiber Optics is planned for Signal paths.
There will be wire bundles from one end of the vehicle to the other providing Power and
Control and Data. Access in all configurations will be difficult for inspection and repair.
Scoring was not high for access but design for better access may not be practical
considering other impacts, e.g., cost of design, fabrication, and maintenance.
Emergency Beacon
All Configurations:
An Emergency Locator Beacon is needed in the event of a vehicle crash.
Accessibility will be the same for all vehicle configurations.
Navigation Lights & Lighting System
All Configurations:
There will be Antennas in the Nose and the rear of the vehicle. Advanced Tiles with
embedded Antennas will be scattered around these areas. Special access procedures and
handling may be required. The difficulty will be the same for all configurations.
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LH2 Tank & Lines
LO2 Tank & Lines
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MAINTENANCE OPERATIONS - Number of Inspection Points
The candidate vehicle options are compared based on the number of elements that have to be inspected, monitored and maintained
during operations. For example stringer skin constructions have a limited number of components (skin and TPS layers). However, the
complexity of the design will cause more intensive instrumentation to monitor, more intensive inspections and more intensive
maintenance. This category is assessed on the surface are that these structures (tanks) will cover. The rationale being that the more
surface area the structure has of a particularly difficult design the more difficult the structure will be to inspect, monitor and maintain.
The critical features of these designs were considered to be stringer/skin designs, non-integral designs and material selections.
In general, the maintenance operations-number of inspection points was based on several assumptions. These assumptions reflect the
difficulties of inspection and instrumentation of the design configurations during the post-flight testing and in flight IHM
instrumentation as applied to design and materials selections.
Design Assumptions
Several design considerations effect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.
Complexity of design
Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.
Surface Area
Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This infers that the elongated and multiple tank
designs are more difficult to inspect and instrument. This also infers that since the non integral design configurations have an internal
and external structure the area of surface coverage had effectively doubled.
96
uo!13odsu! oql tuoaj Ol8Ue oa_ffop 0E zoj MOlle £iuo s3!uoseJll n poseq Josl_l luo.IJn_) "sonb!uqaol ION ffu!sn 01UnleAO Ol llna!jJ!p oq PlnO,_
sn!pea puoq 1q_!1 oql o1 onp let o p_ea!pu.t suo.n3odsu! ]4_!U-lsod ol po!ldde se uo!lenleAO u_!sop ao_u.u'ls jo aolaej amleoj lea!lpa Otl,L
"so!lln3Uj!p oSOtll Joj mesuodtuo3 ol su_!sop Jo_u!ns 041 ol po!ldde se,_ 0"t_ jo Jol3ej uo!laauoa
V "l_ldJolul. ol llna!jJ!P aiotu SleU_!S _ql _l-etu plno,_ ,(l!xoldtuo3 uo!l_Jn$!juo3 atrl lllql pue sJo_u!Jls Otll Suote polea'luo_uoa _1 Pl no_
sao3npsueal uo!ssltuO a!lsnoo¢ oql l_ql poJop!suoa s! 1I "uo.neluoturUlSU! jo I_^OI pol_Jluo3uo3 e o_.tnboa plnoe, l_ql slu!od uo.rleJluaauo3
ssO.rlS _r_ sJou_JJ!lS J_8m.rls oql ql!t6 polll!:)ossll sJOitlO3 pul_ sou!l puoq oq,I, 'UO!llllUOtUllIlsu! jo slu!od l_a.rl.ua jo azqtunu Jaleaaff
u seq uo.nemff_uoa slqj, lu_ polua!pu! ffu.l.lOllUOtUIAIHI lqff!lJ-UI ol po!lddu su uo!lunlu^O uS!sop aoffu.trls jo zoloej oanll_oj leO.rl!aa oq,I,
•ao_3ej lea!l!_a q3ua aoj opnl!u$ntu jo _opao ue £q uo.naodsu!
jo ,(llna!jjlp _ql _se_au! plno,_ s0Iqe!_A 0s0ql ll_ql pa_pIsu03 ,(lle_ua_ sug 1I "suo!laodsul. lq_lU }sod _}ql uo o^l_q ii!_ omleaj
I1_3[1.H30ql 13_}JJ__ql sI3OLIRI Jol31_Js[q,L ".lOl3eJ oanleoj !1_3.11.tI3I_pgtlff!ssl_ pul_ polenle^a o_o_ s_Jrll3rtllS ala!q_^ aql jo q31_ou.i le.Uo_etu
_o u_ls_ p le3!l_.a3 i_jo uo.llu3l.jllu_}pt, oq_L "sJo,_e I Sd,L pue su.rds jo a_tunu Zql aq Ol pazop!suoa se,_ sauouodtuoa jo _oqtunu Lretu!zd oq,I,
szol3ej oanleoj le3!l!a_)
"IAIHI/ION o_ olqe_depe
£I!pea_ oJotu s! D!S/D aql pue uo!loMsu! lens!^ Uetll aoqlo sueatu £q olqelaadsu.t uou poaoplsuo3 s! uo.rlelnsu! laNueIq alq!xoU oql
luql patunssv Sle.Ualetu SdJ, aql 'IeaOuoff uI "sonb!uq3ol IAIHI/ION ol ,(l.ti!qeldepu ames ,(lZletu!xozdde a^eq s,(Oll_ !q-IV puu Sle!aoletu
al!sodtuoo DIAl& 'IIN_/aD '00L K_qV '_-LL61LIAII atll l_ql patunsse sea 1! 'saanlana'ls SdMal!sodtuoa oql uo uo!letuzoju! jo >lOel _ ol on(l
suoBdtunssv Sl_!a_i_l_I
•po]aalsut, oq ol eoae puu slu!od uo!laodsu! jo _ltunu oql _u!suo_au! £q stuezffozd IAIHI/IGN oql laoJJa ,fllaoa!p
stuolqoad oSZtLL "sluouodtuoa lea!lpa ozotu o^eq pu_ xoldtuoa oJotu om 'eoxe oaejans _aff_l _ aAeq suo!leanff!juoa uff!sap p_}leaffalu! UON
palaadsu! sluauodtuoa jo aaqtunN
•suo.rleluoturulsu! pue suoooodsu! jo Joqtunu lSO_.ll_[oql oamboJ ii!,_ sluouodtuoa ll_Olll.Jo oJnlz_l_Jjjo Joqtunu isabel
oql 0aeq letll suo!ll_an_uo:) u_!sop 'o_ojoJoq, L "gluouodtuoo le::}!l!a:) sso I ul_tll uo.rl_luotun.rlsu! ptre SUOl.l:)adsul. o^.lsu_lu.l oJotu _!nbo_
II!A_(s_Ul.lll.J pue sJo_u.ulS 'sOa!lds _lUel "o'!) small lea!l!_a aan13ea d 'O[3!qOA O1!IUOoql _0a0 lUOlS!SUO3oq IOU I1!,_ UO!laodsu! J0 I0^Ol O4,L
sluouodtuoo iea!l!Ja oanloeJj jo JoqtunN
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.
The critical feature factor of non integral design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non intergral designs to compensate for these difficulties
The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.
The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that
there has been limited application of NDI techniques applied to ceramic composites. However, since IHM will most likely involve
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties.
The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may
require advanced techniques or development of techniques. A correction factor of 2.0 was applied to ceramic composite designs to
compensate for these difficulties.
The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to in flight IHM monitoring indicated that there has
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed and the
blankets will not be monitored during flight. Therefore no correction is necessary (a correction factor of 1.0) for designs with TABI or
AFRSI blankets.
The critical feature factor of designs that utilize TABI or AFRSI blankets as applied to post flight inspections indicated that there has
been limited application of NDI techniques applied to TABI or AFRSI blankets. This indicated that inspection of this material may
require advanced techniques or development of techniques. It is also expected that if these techniques cannot be developed the blankets
98
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Table 1. Estimated Surface Areas of Tanks
Configuration LH2 Tank LH2 Tank LO2 Tank LO2 Tank RP Tank
General Critical General Critical General
1A&B 6940 614 4565 422 1593
2A&B 6509 704 4805 277 1593
3 6591 * 430 3250* 362 6190
4 7214* 417 3002* 405 1593
Structure/TPS design analysis
The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the three
phases of the structures life. The critical feature factor corrects for complicated design features,(stringer and non integrated designs)
and material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally
considered that these variables would increase the difficulty of inspection by an order of magnitude.
Table 2. Number of variables and applied difficulty factor
Trade No. of No. of Sub total IHM in- Post-flight




1 1 2 3 3.0 3.75
2 2 2 4 1.0 2.0
5 4 3 7 4.0 4.0.0
7 4 3 7 4.0 4.0
8 1 2 3 3.0 3.75
9 2 2 4 1.0 2.0
10 2 2 4 2.0 2.0
11 2 2 4 1.0 2.0
12 1 1 2 6.0 5.0
13 1 1 2 3.0 3.75
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6509 1408 4805 554 1593 4705 4705
9 58581 12672 9 43245 4986 14337 8 37640 56460
11.25 73226.25 15840 11.25 54056.25 6232.5 17921.25 16 75280 56460
6509 1408 4805 554 1593 4705 4705
9 58581 12672 9 43245 4986 14337 4 18820 56460
11.25 73226.25 15840 11.25 54056.25 6232.5 17921.25 8 37640 56460
6509 1408 4805 554 1593 4705 4705











































































































g'9LgL9g 09P9G Ob9Lg 8 9_'L_6LL S'_g_9 9_'9S0PS 9_'LL ObgSL S_'9_gL S_'L_ 1SOd
LOL60_ 09_99 o_ggL _ LgCbL 996P 9_C_ 6 _L9_L Lg_gs 6 _HI L_ SO
SOL_ SOLP £6SL _SS SOg_ gOPL 60S9 L-V_
Lfi£L60"L ¢'LL_OL_
£'9LgL9_ 09_9_ OP9LC i8 _'L_6LL g'_g_9 _'9_Ob_ S_'LL O_8_L _Z'9_gL _'LL ISOd
LOL60_ 09P99 0_88L P LggPL 986_ SP_£_ 6 _L9_L L898S 6 _HI IL _1
SOLP SOLb g6SL _SS SOg_ gOPL 60S9 L-V_
_LL_fi_'9 £'L_SLLS
S'gg_9 Sg'LLS_'L_6LL Ob9SL Sg'9g_gL lSOd£'98LOL_ OSOLP S_'9SOPSO_ Sg'LL09_9S
SqX'S.LNIOd
901
I "InOU3H - VS'II'I.IJQVVNFI'I=INtNOOEI - NVIAIINnEIgldOEIHII:ION - ossrI'I=Ih'_OOEI - VSVN I
0¢ 8 9 t' ;_ 0
(|saB Sl q61H) 6UlNUeEI
SJLI_ 00_' L 000' | 008 009 OOt_ 00;_ 0
S-IlO" L-8_ • _.__........... _.... : S-110"I-'8_
l IIdO-BM - g-Y_ "¢ ¢IdO-BM - l;-Vi_
_LIdo-so- l-V_ --'Pl.ldo's3- I.'V_
I.I.ldo'so" I.-V_ I ' _."I. I.ldo-so - I.-V;_
I.I.ldO'l l " I.'Vg I._'__' I. I.ldo-I/- L-V;_
;_l.|dO-6N_- I.-V;_ r _ _l.|dO-6Nt- I.-V;_
I.L|do-BM - I.-V;_ --_-- LI.ldo'BM " L-V_
0 I-ldO'6M " I.-V_ [" _ _ 0 I.ldo-BM - L-VC
I-LidO-lUl " I.'V_ I I-I.ldo'lul " I-'V_
01.1do-lul- I--V_ I-- I --01.1do-lul- I--V_,
I.LldO-lUl" I-'V I- _ ' I-I.ldo-|ul - I.-VL








P-V I. P-V I.
£-VI. -- £-VI.
_-Vl. __ _-V I.
I.-VI. l.-VI.
(lsa8 Sl aO'l) sJqlN 6ugooJdJale_-eH
l "=100¢ _ aAoqe saJn#eJadma_ 6u_ouauadxa Sell aqj looJdJa/em.aJ ol 'suo!ss!_u OOEJaAo 'paJ/nbaJ am/; lelOJ i
arll 1o s_seq aq_ uo paJedmoo aJe suo#'do alo/qaA ajep/pueo aql - (uo#enleAa aAgm#ueno )-6u/tooJdJajeM-al:l "aZ J
_ . 01SS
sJnoH 6ugooJdJm, eM-aEI








"T _, ¢o _ "T, _, oJ o2, ,7, _-, w, _ "T, o_
_- I"- T- _-- oa
1.045 1.063 1.065 1.084 1.099 1.069 1.074 1.099 1.138 1.052 1.080 1.060 1.102 1.139
15r838 15f838 151838 15t838 151987 16r238 16r238 16j238 16t015 151060 15r060 15r060 151246 15r246
496 496 496 496 496 496 496 496 496 496 496 496 496 496
AETB 2,998 3_051 3,056 3,111 3,154 3,004 3,017 3,087 3,197 3_047 3_127 3,047 2,981 3,082
TABI 6,772 6,891 6,903 7,025 7,124 6,587 6,614 6,768 7,083 6,597 6,770 6,597 7,422 7,673
AFRSI (Requiring Re-
Waterproofing) 3,030 3,083! 3,088 3,143 3,242 3,261 3,274 3,350 3,527 2,999 3,078 3,020 3,075 3,179
Scalln_Factor 1.042 1.122 1.071 1.105 1.077 1.142 1.081 1.066 1.081 1.123 1._7¢
AFRSI(TOTAL I 151471 11r618 151879 14f628 16r238 14_628 16_238 15,738 15,738 16,238 13,269
Payload Canister AFRSI
Not Requiring Re- 496 496 496 496 496 496 496 496 496 496 496
Waterproofin_
AETB 2_991 3,152 3,009 3,105 3_027 3,209 '3,038 2,996 3,038 3,157 3,28e
TABI 6,755 4_191 6,597 5,907 6,638 6_106 6_661 6,569 6,121 6,921 5,642
AFRSI (Requiring Re-
Waterproofing] 3,022 2,995 3,266 1,204 3,286 1_199 3,298 2,986 3,028 3,426 2,493
Csic 7,309 2,774 1,839 541 4,915
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3A Ranked Best For Sustained Personnel
SSTO : _
7f. Sustained personnel-(Quantitative evaluation) - The candidate vehicle options are compared on the determined





















2A-1 - CS-Optl 1
2A-1 - CS-Opt14
2A-3 - Wg-Optl 1
2B-1 -OTF5
Weighted Ranklngs (High Is Best)
[Deltas - GSE, Inspe.IRepairlReplace]
i





























2A-1 - Wg-Optl 1
2A-1 - Wg-Opt12
2A-1 - TI-Optl 1
2A-1 - CS-Opt11
2A-1 - CS-Opt14
2A-3 - Wg-Optl 1
2B-1 -OTF5
Ranking (High Is Best)
i Basic Configurations
r_ TPS Options
0 2 4 6 8 10 0 2 4 6 8 10












Score Wl'd Score Wl'd
9.0 5.4 3.1 1.8


















8.6 5.8 5.0 5.1 4.9 5.0









2A-1 TI-O 2A-1 CS-O
Score Wl'd Scom Wt'd
3.1 1.8 3.1 1.8
7.6 3.0 7.9 3.1
10.0 10.0
2A-1CS-O 2A-3
Scom Wt'd Sco_ -Wt'd
3.1 1.8 3.1 1.8







4.9 5.0 5.1 4.8 8.6
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Turn Around Time
21 Shifts For 7 Days
4 Shifts All Operations Not Performed In Parallel With TPS Maintenance
17 Shifts (Available for TPS Operations)
8 Hours Per Shift
136 Serial Hours => Hrs Per Shift * # Shifts
938 Minimum Hours = Configuration lowest Manhours





















601 612 613 624 633 615 617 632 660 584 599,
144 139 142 142 144 144 142 148 152 134 134
232 236 237 241 244 239 240 246 257 225 231
529 539 540 550 560 531 534 546 572 523 537
978 987 991 1007 1021 997 999 1025 1069 942 964=
7.2 7.3 7.3 7.4 7.5 7.3 7.3 7.5 7.9 6.9 7.1
9.6 9.5 9.5 9.3 g._ 9.4 9.4 9.2 8.8 10.0 9.7
o o o. _ 9 _ _ 9
i i t 0 i 0 i i i O
i
< < < < < < < _
702 607! 660 619 650 622 601 614 64( 710
82 141 128 145 132 146 140 125 151 134
186 235! 223 241 231 242 233 233 251 216
1105 532 678 536 604 538 519 553 559 928
970 983 1011 1005 101= 1009 974 973 1049 1060
7.1 7.2 7.4 7.4 7.5 7.4 7.2 7.2 7.7 7.8
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1) Facility size based on:
a) Vehicle Dimensions
b) Constant values for work stands, access, cranes, etc.
2) Number of facilities required is independent of vehicle size









































































S(]uare Feet 20877 21572
Alternate Rank 9.1 8.8
_" _" 0 0 0 no, o, o o, o o o ,,
i I I ! o I I I i I i
"T, "T "7 "T, "i" T T T T _ T
< _ _ < .< < < ,,_ < .< rn
107.3 111.4 108.8 110.5 109.2 112.3 109.4 108.6 109.4 111.4 113.7
186.7 186.3 182.1 184.9 182.6 188.0 183.0 181.7 183.0 186.4 190.2
20038 20747 19817 20440 19937 21116 20007 19734 20007 20775 21628





1) Same number of engines Ior all configuralions
2) Same maintenance required for engines on all vehicles
3) Therefore, size/cost of engine shop is not a factor in the processing facility trade
Shops (TPS)
Assumptions
1) Based on TPS required for each vehicle configuration
2) Includes area for TPS fabrication (Production Units for tile, blankets)
3) includes material storage areas
4) AETB Area same for all configurations ==> AETB TPS Shop area same for all configurations
5) Number of blanket replacements varie_ /.;H-I__

























_. _ T-- _ T-
O o o _- o
_, ,_ _, o o o , mO0 U] _ IJ_
i i i +
i i _ 0 + i
,< < ,,_ < < ,< _: nn
2773.6 1838.8 540.6 4915.1
277.4 183.9
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RP-1 Removal/Draln Residue GSE
Emergency
Crash Truck






TPS GSE- Inspedion & Maintenance
Vehicle Access Work Stations
Tesl/Repair Procedures GSE
Part/Logistics Identification GSE
MPS GSE inspedion GSE
Avionics Remove & Replace
Computer GSE for Vehicle TPS Fabrication
LH2 Tank Inspection & Maint.. GSE
LO2 Tank Inspedion & Maint., GSE
RP-1 Tank Inspection & Maint.. GSE






Gear & Brake GSE
Avionics/Eleclrical Bench Repair & Test GSE
and Low Capabilily)
OMS GSE - Inspection & Maint..
RCS GSE - Inspection & Mainl..
Electrical GSE - Inspection & Maim.
Toxic Gas & Liquid Removal GSE
SCAPE GSE
SSTO Tow Track (From SLF to HPF)
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I:lP.1 RemovaUDrain Residue GSE
Emergency
Crash Truck







TPS GSE- Inspection & Maintenance
Vehicle Access Work Stations
Tesl/Repair Procedures GSE
Part/Logistics Identification GSE
MPS GSE Inspedion GSE
Avionics Remove & Replace
Computer GSE Ior Vehicle TPS Fabricalion
LH2 Tank Inspection & Maint.. GSE
LO2 Tank Inspection & Matnt., GSE
RP-1 Tank Inspedion & Maint.. GSE






Landing Gear & Brake GSE
Avionics/Eleclrical Bench Repair & Test GSE
Ground Power
Cranes (High and Low Capability)
OMS GSE- Inspection & Maint..
RCS GSE - Inspection & Maint..
Electrical GSE- Inspection & Maint..
Toxic Gas & Uquid Removal GSE
SCAPE GSE
SSTO Tow Track (From SLF Io HPF)
SSTO Tow Truck (From HMF Io Pad)
Pad
LH2 GSE Storage, Loading & Drain
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Equip Reqmts - KSC
Summary - Equipment Requirements
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Crew Emergency Egress GSE
Emergency




Launch & Mission Control Center
Ground Test. Control & Monitoring GSE
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Sandwich Designs Are Ranked Best- Lowest
Probability Of Tank Penetration SSTO
I Sa. Probability of tank penetration- (Quantitative Analysis) - The candidate vehicle options are compared on the t
analysis prediction (based on test data) of the probability of cryogenic tank penetration (leakage) for vehicle on- Jo bit duration's of 90 days.
Probability Of Penetration (Low Is Best)

















2A-1 - Wg-Optl 1
2A-1 - Wg-Opt12
2A-1 - TI-Optl 1
2A-1 - CS-Optll
2A-1 - CS-Opt14




















2A-1 - Wg-Optl 1
2A-1 - Wg-Opt12
2A-1 - TI.Optl 1
2A-1 - CS-Opl11
2A-1 - CS-OpI14
2A-3 - Wg-Optl 1
2B-1 -OTF5
Ranking (High Is Best)
BasicConf.
r_ TPS Options
0% 20% 40% 60% 80% 100% 0 2 4 6 8 10
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Debris Impact Tests Completed
_AII Plmete Tealed el NASNMSFC Ourlo
Test Id Dale Tesled Panel
.... ! -8_34
1641
Phase 1 end Delle Teals I
TPS Foam Particle Panel Nexiel
Sample Id Type Thk:kness Type Thickness S_ze Thickness Material Type Bumper
1_119195 A/ .... FR_ ..... _0._18- N- -0.32 ..... _5_IWF 0_:_7-5_ 0.187_ 0_.09_0 _ _ IM7-1-8_552 . Skin/Sir/nest Ve_.
1124/95 A2 FR_ _ 0,16 - N_- 0_32 _ 51WF O._75_ _0.1_25 0.090 IM718552 Skln/S!ringer ......... _Yes
1050 1131195 I 0 _ 0.16 - N - 0.32 - K 61WF 0.50 0.167 0,090 IM7/8562 Skin/Slringer Yes A Kevlar
1662 2/1/96 1 I FRSI O.16 - N - 032 - K 51WF 0.50 0.260 0.090 tM718552 Skin/Slrlnger Yes & Kevlar
lese 2/0/95 13 FF_ 032- N- 0.32- K _[ 5IWF J 0.50 0.187 0.090 [ IMT_-q .... SkinlSlHngor Yess &Kev_r
1668 2114195 20 FRSI _ O16-N-O32 -, 7IWF ,- _0.75 0.187 -0.090 I M7=/8_5_5_2 SklelSIringer Y__m
_ 1670 2114/95 25 . _ .... 010 - N - 032 ., 71-WF . 0.75 0,125 0.090 IM7/8-552 . Skle/SIringer Yes
l_ 1_;_/_ ;_ ...... _s_ N- 0.7_ "-_,_F " _._6 0.___._ 0.090 tM7/0652 S_,,a/S:,,nger _
_ 1637 1/20/95_ A4 _ . _ .... N- 0.7_6 - N 6 WF . . 0.7_5 . _0,187 ._ 0,090 _ _ IM7/8552 Skin/Strlnger Yes
1654 211195 14 _ N - 1.0 - K 51WF 0.60 0,107 0090 IM718552 Ski_n/Slri_nger Yes Coaled & Kevlar _
/866 ] 2/i/96 ;8 ,M_ N [_ Coal/iS)- t.0- K , 5IWF_ , 0.50 .... 0.1e7 ..... _o.o0o , IM7/0552 Skin/Stringer Yes C,oated& Kovlar
- 165_ .... 21019_ .... 20- - - _ " N _ C_x)alTng} - 1.0 - K 5tWF 0.75 O187 0.090 IM718552 Skin=lS1-!'!nger Yes Coate(I & Kevlar
!658 210195 -.2_ ...... _ " N (C9 Coat ng|-l.0 - K , 51WF 0.75 _ 01_8_ _ _ O 0g0 . _ IM7/-8_552 .... Skin/SInngor _Y_es Coated= & K evlar
1005 2/10195 I 7 AFRSI , N : 2 -0 - K .... 51W_=F , 0.75 _ _0.2_50 _0._0_90_ IM7/-5552 Skin/Stringer Yes & Kevtar
1607 2!1- 0./_-9-5 t _6 AFR_ ., N - -2.0 - K . -51WF . _.75 .... -0.1__8_7 .... 0.090- , IM718552 . _S_klnlS_lringor Yes & Kev_r
1672 2115195 t 5 _ N - 1.0- K .... 51_WF 0:5_0 O. 187 .... O.090 IM7/8552 Skin/Stringer Yes & Kevlar
Composilo Panel
Damage From Test
0.60 by 1.07 inch Hole
None Visible .....
. -0:0_2._b.)_ I_.30- inch Hole
1.32 by 1.54 inch Hole
0.40 by 0.54 inch Hole
. 0_77 by 0.9 inch Hole
0.68 by 1.26 inch Hole
De/era/cation with No Penetration
0.70 by 1.40 inch Hole
0.07 by 1.13 Inch Hole
0.75by _.2_e!nc_hHoLe.......
0.60 by -0.67 inch Hole
0.60 by 1.10 inch Hole
0._55 -by. 0.80 inch Hole
2.68 by 1.39 inch Hole
None Visible
1.30 by 0.80 inch Hole
. 1073 _ . 2115105 ..... 19 . _ N _ Coatir_l) .: I.O- K .... 51WF _.- 0.50 0,1-87 0.090 , IM'//8_5-52
1042 1125195--- A6 ....... AFT_ ..... 1.0_0 __ -6!_WF 0-.78.__ 0-.1__5
2,00 .....1643 1128195 A7 AFRSI ........ 51WF _ O.75 O125
1671 2114/_95 28 ......... AFR_ ............ 1.00 _ ,- 61WF_ 0.50 .._ O.107 _
* -t-659- ..... 217/95 ...... 4 .... NorPIntegrelTonk FRSI 0.10 - 0.32 81WF 0.75 0.125 0.090 IM7/8552 Non-Integral
-- _00 2/7_0_ _- ...... N%.-_.t_Y,;;li,-_RS_ 0,10- 0.32 51WF 0._6__ 0_18___.... 0_ " _/8_5'_ No;:_nteg,ei
] 602 21019S 0 " -/qon-_nte_r_l/-Taflk AET8 .... 2.00 ..... _tW_ _ 0:7_-5 O.250__ ----_gO _-I-M7-18552- . Non-integr&i
1884 2/10195 9 Non-lntegrel Tank AETS 2.00 51WF 0.75 0.3130.090 . lM718552 . Non-lnlegrel
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2A-2 ' 0.968168 0.969114
3A-1 ............. 0.918847 0.918847
3A-2 0.962765
3A-3 0.962765
4A-1 " 0.928269 0.925218
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Non-Integral and Sandwich Construction are Best
For Debris & Micrometeoroid Probability of No Rupture
SSTO
SC - 8b Probability of No Catastrophe Failure (Allowing 0.70 Inch Diameter Hole)






















































































0.988105 , 0.983607 , 0.993518 . 0.993518 ,
0.988105 0.983607 0.997910 0.993518
3A-3 0.927510 0.946553 0.988105
.... 4A-1 ..... 0.917810 0.939316 ....0.960373
4A-2 0.917810 0.939316 0.960373
1A-l-lnt-Opt 10 0.937806 0.954210 0.988105
2A-l-lnt-Opt 10 0.975097 0.965799 0.964028





















































0.983607 0.997910 0.993518 0.998046 j 0.998046 0.842668
0.985467 0.997619 .......... 0_992616 0.998270 0.998270 0.805172
0.985467 0.997619 0.992616 0.998270 0.998270 0.805172
0.983607 0.998216 0.994465 0.998046 0.998046 0.859997
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
0.973613 , 0.995889 , 0.995889 . 0.998983 ........ 0.996840 0.873004
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
..... ....... t ............ • , ,
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
0.973613 ............ 01995889 0.995889 0.998983 0.996840 0.873004
0.973613 .. 0.995889 0.995889 .... 0.998983 0.996840 0.873004
0.973613 0.995889 0.995889 0.998983 0.996840 0.873004
0,973613 0.998243 0.998243 0.998983 0,998840 0.904072
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SC-8c Number of Fracture critical parts
RP Inter- LH2 LH2 tk Wing Cana Thrus Aft
tank tank Tank outer parts rd skirt
)ads )arts )arts shell ;parts struct
parts ure
Total
16 35 4 0 150 0 0 4 225
16 35 4 0 150 0 0 4 225
16 35 4 0 170 0 ! 0 4 236
16 35 4 0 170 0 0 4 236
16 35 18 16 150 0 0 4 253
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 13 0 170 0 0 4 242
16 35 16 35 150 0 0 4 280
64 45 3 0 140 30 0 4 302
64 45 3 0 140 30 01 4 302
16 60 3 0 140 0 0 0 233
16 60 3 0 150 0 0 0 243
16 35, 4 0 150 0 0 4 225
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 ! 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 0 4 232
16 35 23 0 150 0 01 4 232
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SAFETY - Amenability of IHM to Detect Critical Faults
i
The candidate vehicle options are compared on the amenability of IHM to detect critical faults such as critical cracks in the primary
structure, TPS disbonds and insulation debond. For example, stringer skin constructions have a limited number of components (skin
and TPS layers). However, the complexity of the design will cause more intensive instrumentation to monitor, more intensive
inspections and more intensive maintenance in order to insure safe operation of the vehicle. This category is assessed on the surface are
that these structures (tanks) will cover. The rationale being that the more surface area the structure has of a particularly difficult design
the more difficult the structure will be to inspect, monitor and maintain. The critical features of these designs were considered to be
stringer/skin designs, non-integrated designs and material selections.
In general, the safety - amenability of IHM to detect critical faults was based on several assumptions. These assumptions reflect the
difficulties of inspection and instrumentation of the design configurations during in-flight monitoring and post-flight testing as applied to
design and materials selections. This assessment of the different design configurations of SSTO is based on several general
assumptions. These assumptions reflect the difficulties of inspection and instrumentation of the design configurations during the in-
flight IHM and post flight inspections as applied to design and materials selection.
Design Assumptions
Several design considerations affect the ability of the structure to be inspected. Primary design considerations include the complexity of
the design, the surface area to be inspected, the number of fracture critical components and the number of components to be inspected
of instrumented.
Complexity of design
Inherently, simple designs tend to be better suited to inspection and instrumentation than do complex designs. The more complex
designs, such as skin and stringer designs have a bend and protrusions that limit accessibility to hardware, inspection techniques,
implementation and interpretation. It was also assumed that a more complex design may also require fabrication of specific tooling to
facilitate inspection.
Surface Area
Since the NDI technologies to be employed by IHM/NDI are dependent on the area of coverage (rather than on the thickness of the
hardware), larger surface areas would be more difficult to inspect and instrument. This implies that the elongated and multiple tank
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Thecriticalfeaturefactorof stringerdesignevaluationasappliedtopost-flightinspectionsindicatedthatduetothetight bendradius
wouldbedifficult to evaluate using NDI techniques. Current laser based ultrasonics only allow for 30 degree angle from the inspection
plane. This indicates that complex tooling would be required for inspection. This configuration has a greater number of critical points
of interest. The bond lines and comers are stress concentration points that would require a concentrated level of inspection. A
correction factor of 3.75 was applied to the stringer designs to compensate for these difficulties.
Critical feature factor of non integral designs
The critical feature factor of non integrated design evaluation as applied to in flight IHM monitoring indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and a support
structure for the internal tank that would increase the number of critical instumentation points. A correction factor of 2.0 was applied
to non integral designs to compensate for these difficulties.
The critical feature factor of non integral design evaluation as applied to post flight inspections indicated that these designs have
multiple skins would effectively double the area for instrumentation. This design also increases the number of bond lines and adds a
support structure for the internal tank that would increase the number of critical inspection points. A correction factor of 2.0 was
applied to non integral designs to compensate for these difficulties.
Critical feature factor of designs which utilize ceramic composites
The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to in flight IHM monitoring indicated that
there has been limited application of NDI techniques applied to ceramic composites. However, since IHM will most likely involve
strain measuring devices and acoustic emission, there is no reason to believe that this composite material will interfere with these
techniques. A correction factor of 1.0 was applied to composite designs to compensate for these difficulties.
The critical feature factor of designs that utilize ceramic composites (Blackglas) as applied to post flight inspections indicated that there
has been limited application of NDI techniques applied to ceramic composites. This indicated that inspection of this material may
require advanced techniques or developement of techniques. A correction factor of 2.0 was applied to ceramic composite designs to
compensate for these difficulties.
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The composite scores were based on several assumptions related to the design configurations. The following general and critical areas
of inspections were derived from simplified tank structures. It was assumed that the critical areas of inspection only included the area
up to the splice, not to the frame. The critical areas were doubled to account for a more intensive inspection or instrumentations. The
wing attachment points were scored according to the wing attachment area. Due to the similarities between designs, the wing, nose,
canard, payload canister areas are not included in this investigation.
The combined critical feature factor for each structure option was _rived through the following calculation:
No. of skins + No. of TPS layers = Subtotal
Subtotal X Critical Feature Factor = Combined Critical Feature Factor
Table 1. Estimated Surface Areas of Tanks
Configuration LH2 Tank LH2 Tank LO2 Tank LO2 Tank RP Tank
General Critical General Critical General
1A&B 6940 614 4565 422 1593
2A&B 6509 704 4805 277 1593
3 6591 * 430 3250" 362 6190
4 7214* 417 3002" 405 1593
• excluding area of common bulkhead
Structure/TPS design analysis
The structures were rated according to its 1) No. of skins, 2) No. of TPS layers and 3) Critical feature factor for each of the two phases
of the structures life. The critical feature factor corrects for complicated design features,(stringer and non integrated designs) and
material deficiencies (ceramic composites and AFRI or TABI blankets) as applied to the NDE/IHM project. It was generally
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Table 4. Combined Critical Feature Factors
OPTION Combined Critical Combined Critical
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2A-3 6509 1408 4805 554 1593 4705 4705


































3A-1 6591 860 3250 724 6190 4705 4705
IHM 9 59319 7740 9 29250 6516 55710 4 18820 56460 233815
37640 5646069637.58145 292268.8
526083.8




3A-2 6591 860 3250 724 6190 4705 4705
IHM 4 26364 3440 9 29250 6516 55710 4 18820 56460 196560
POST 8 52728 6880 11.25 36562.5 8145 69637.5 8 37640 56460 268053
464613 = 7.186938
3A-3 6591 860 3250 844 6190 4705 4705
IHM 4 26364 3440 9 29250 7596 55710 4 18820 18820 160000
POST 8 52728 6880 11.25 36562.5 9495 69637.5 8 37640 18820 231763
391763 8.52338
4A-1 7214 834 3002 810 1593 4705 4705
IHM 9 64926 7506 9 27018 7290 14337 4 18820 56460 196357
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2B-1 6509 1408 4805 554 1593 4705
OTF 5 IHM 28 182252 39424 9 43245 4986 14337 56460
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LO Wght RP Wght Inter- Wght LH2 WOM LH2 Wght Wing Wght Fald Wght Cana Wght Thrust Wght Aft







1 1.08 1 0.13 1 0.85 1 0.93 0 0 1 1.99 1 0.33 0 0 1 0.61 1.3 0.18
1 1.08 1 0.13 1 0.85 1.4 1.18 0 0 1 1.99 1 0.33 0 0 1 0.61 1.3 0.18
1.2 1.02 1 0.13 1 0.88 1 0.93 0 0 1 2.05 1 0.46 0 0 1 0.67 1.3 0.14
1.2 1.02 1 0.13 1 0.88 1.4 1.16 0 0 1 2.05 1 0.46 0 0 1 0.67 1.3 0.14
1 1.08 1 0.13 1 0.88 2.5 0.75 1 0.83 1 1.99 1 0.33 0 0 1 O.61 1.3 0.18
1 0.96 1 0.13 1 1.12 2.5 1.01 0 0 1 2.01 1 0.4 0 0 1 0.61 13 0.17
1 0.96 1 0.13 1 1.12 2;9 1.13 0 0 1 2.01 1 0.4 0 0 1 0.61 ; 0.17
10.9610,1311.15 0.890022.1810.5300 10.6710.14
10.9610.131.1.152;50.7410.8411.9610.4200 10.6010.314 1.37 1 0.16 12 0.80 0.94 0 0 1 1.93 1 0.34 1 0.19 1 0.64 1 0.18
4 1.37 1 0.18 1.2 0.80 434 1.2 0 0 1 1.93 1 0.34 1 0.19 1. 0.64 1 0.2241.2110.131.51.35 1.130011.,1000140.8000.00
4 1.21 1 0.13 1.5 1.35 3 1.46 0 0 1 1.83 I 0.17 0 0 12. 0.67 0 0.00
1 1.08 1 0.13 2.5 0.95 1 0.94 0 0 I 1.99 1 0.33 0 0 1 0.81 1 0.18
1 0.96 1 0.13 2.5 1.12 2.9 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69 1 0.31
1 0.96 1 0.13 2 1.12 2.9 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69 1 0.17
2A-l-Wng-Opt 10 1 0.98 1 0.13
2A-l-Wng-Opt 111 1 0.96 1 0.13
2A-1-Wng-Opt 12 1 0.96 1 0.13
2A-l-Tall-Opt 11 1 0.96 1 0.13
2A-1-CS-Opt 11 1 0.96 1 0.13
2A.-1-CS-Opt14 1 0.96 1 0.13
2A-3-Wng-Opt 11 1 0.96 1 0.13
2B-I-OTF5 1 0.96J 1 0.13
1 1.12 2.9 1.01 0 0 2.5 2.18 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 2 2.18 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 2.5 2.74 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 1 2.01 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 2 2.04 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 2.5 2.11 1 0.4 0 0 1 0.69 1 0.17
1 1.12 2.9 1.01 0 0 3 2.20 1 0.4 0 0 1 0.69 1 0.17
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Wght RP Wght Inter- Wght LH2 Wght LH2 Wght Wing Wght Fald Wght Cana Wght Thrust Wght Aft








1.3 1.09 0 0.13 1 0,95 3 0.93 0 0
1.3 1.08 0 0.13 1 0.85 3 1.16 0 0
1 1.02 0 0.13 1 0.88 3 0.93 0 0
1 1.02 0 0.13 1 0.88 3 1.16 0 0
1 1.08 0 0,13 1 0.88 1 0,75 1 0.83
2.5 0.96 0 0.13 1 1.12 1.5 1.01 0 0
2.5 0.96 0 0.13 1 1.12 1.5 1.13 0 0
2.5 0.96 0 0.13 1 1.15 1.2 0.89 0 0
2.5 0.96 0 0.13 1 1.15 1 0.74 1 0.84
1.3 1.37 0 0.10 1 0.60 2 0.94 0 0
1.3 1.37! 0 0.10 1 0.60 2 1.2 0 0
1 1.21 0 0.13 1 1.35 3 1.13 0 0
1 1.21 0 0.13 1 1.35 3 1.46 0 0
1.3 1.08 0 0.13 1 0.95 3 0.94 0 0
2.5 0.96 0 0.13 2 1.12 1.5 1.01 0 0
2.5 0.96 0 0.13 1 1.12 1.5 1.01 0 0
2.5 0.96 0 0.13 2 1.12 1.5 1.01 0 0
2.5 0.96 ! 0 0.13 1 1.12 1.5 1.01 0 0
I
0 0.13 1 1.12 1.5 1.01 0 0
0 0.13 1 1.12 1.5 1.01 0 0
0 0.13 1 1.12 1.5 1.01 0 0
I
0 0.13! 1 1.12 1.5 1.01 0 0
0 0.13 1 1.12 1.5 1.01 0 0
0 0.13! 0 1.16 1.5 0.74 2 0.64
2A-l-Wag.Opt 12 2.5 0.98
2A-I-Tail-Opt 11 2.5 0.96
2A-I-CS-Opt 11 2.5 0.98
2A-I-CS-Opt 14 2.5 0.96
2.A.-3-Wn_-Optll 2.5 0.96
2B-1-O'I'F5 2.5 0.98
1 1.99 0.3 0.33 0 0 1 0.81
1 1.99 0.3 0.33 0 0 1 0.61
1 2.05 0.3 0.46 0 0 1 0.67
1 2.05 0.3 0.46 0 0 1 0.67
1 1,99 0.3 0.33 0 0 1 0.61
1 2.01 0.4 0.4 0 0 1 0.61
1 2.01 0.4 0.4 0 0 1 0.61
1 2.18 0.4 0.53 0 0 1 0.67
1 1.96 0.4 0.42 0 0 1 0.80
1 1.93 0.3 0.34 1 0.19 1 0.64
1 1.93 0.3 0.34 1 0.191 1 0.64
1 1.83 0 0 0 0 1 0.80
•1 1.83 0.1 0.17 0 0 1 0.67
1 1.99 0.3 0.33 0 0 1 0.61
1 2.01 0.4 0.4 0 0 1 0.69
1 2.01 0.4 0.4 0 0 1 0.69
2 2.16 0.4 0.4 0 0 1 0.69
1 2.18 0.4 0.4 0 0 1 0.69
2 2.74 0.4 0.4 0 0 1 0.69
1 2.01 0.4 0.4 0 0 1 0.69
1 2.04 0.4 0.4 0 0 1 0.69
2 2.11 0.4 0.4 0 0 1 0.69
1 2.20 0.4 0.4 0 0 1 0.69
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SC-9c Technology Development Needs
Option LO Wght RP WgM Inter- Wght LH2 Wght LH2 Wght Wing Wght Falri Wghl Cana Wght Thrust WgM Aft














1.2 1.08 0 0.13 1
1.2 1.08 0 0.13 1
1 1.02 0 0.13 1
1 1.02 0 0.13 1
1.2 1.08 0 0.13 1
1 0.96 0 0.13 1
1 0.96 0 0.13 1
1 0.96 0 0.13 1
1 0.96 0 0.13 1.1 1.15 1 0.74 1
0.85 1 0.93 0 0 1 1.99 1.3 0.33 0 0
0.85 1 1.16 0 0 1 1.99 1.3 0.33 0 0
0.88 1 0.93 0 0 1.2 2.05 1.3 0.46 0 0
0.88 1 1.16 0 0 1.2 2.05 1.3 0.46 0 0
0.88 1 0.75 1 0.83 1 1.99 1.3 0.33 0 0
1.12 2.5 1.01 0 0 1 2.01 1.3 0.4 0 0
1.12 2.5 1.13 0 0 1 2.01 1.3 0.4 0 0
1.15 1 0.89 0 0 1.2 2.18 1.3 0.53 0 0








2A.l-Wn_l-OpIlC 1 0.96 0 0.13 1
2A.1.Wr_-OpI11 1 0.96 0 0.13 1
2A-I.Wng-OI_IE 1 !0.98 0 0.13 1
2A-I-Tail-Opt 11 1 0.96 0 0.13 1
2A-1-CS-Opt 11 1 0.96 0 0.13 1
2A-1-CS_-_r. 14 1 0.96 0 0.13 1
2A-3-Wng-Opt 11 1 0.96 0 0.13 1
2B-1-OTF5 1 0.96 0 0.13 1
5 1.37 0 0.16 1.2 0.60 5 0.94 0 0
5 1.37 0 0.16 1.2 0.60 5 1.2 0 0
5 1.21 0 0.13 1.1 1.35 5 1.13 0 0
5 1.21 0 0.13 1.2 1.35 5 1.48 0 0
1.2 1.08 0 0.13 2 0.95 1 0.94 0 0
1 0.96 0 0.13 2 1.12 2.5 1.01 0 0
1 0.96 0 0.13 1.3 1,12 2.5 1.01 0 0
1.12 2.5 1.01 0 0
1.12 2.5 1,01 0 0
1.12 2.5 1.01 0 0
1.12 2.5 1.01 0 0
1.12 2.5 1.01 0 0
1.12 2.5 1.01 0 0
1.12 2.5 1.01 0 0
1.16 2 0.74 1,4 0.84
0.61 0 0.18
1 0.61 0 0.17
1 0.61 0 0.17
1 0.67 0 0.14
1 0.60 0 0.31
1 1.93 1.5 0.34 1 0.19 1 0.64 0 0.18
1 1.93 1.5 0.34 1 0.19 1 0.64 0 0.22
1 1.83 1 0 0 0 2 0.80 0 0.00
1.1 1.83 1 0.17 0 0 1.2 0.67 0 0.00
1 1.99 1.3 0.33 0 0 1 0.61 0 0.18
1 2.01 1,3 0.4 0 0 1 0.69 0 0.31
1 2.01 1.3 0.4 0 0 1 0.69 0 0.17
1.4 2.18 1.3 0.4 0 0 1 0.69 0 0.17
1.2 2.18 1.3 0.4 0 0 1 0.69 0 0.17
1.5 2.74 1.3 0.4 0 0 1 0.69 0 0.17
1 2.01 1.3 0.4 0 0 1
1.2 2.04 1.3 0.4 0 0 1
1.5 2.11 1.3 0.4 0 0 1
1.2 2.20 1.3 0.4 0 0 1
1 1.96 1 0.42 0 0 1
1 0.61 0 0.18 1 0.5 6.59
1 0.61 0 0.18 1 0.5 6.82
1 0.67 0 0.14 1 0.5 7.04
1 0,67 0 0.14 1 0.5 7.27















0.69 0 0.17 1.2 0.59 8.51
0.69 0 0.17 1 0.5 8.74
0.69 0 0.17 1 0.5 9.46
0.69 0 0.17 1 0.5 8.93
0.60 0 0.31 1 0.5 8.26
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[] Baseline
NOn-Pad Ops Doubled
[] Design & Production Doubled []Gross Fueled Weight Doubled []Vehicle Controllability Doubled I
13Maintenance Ops Doubled [] Safety Doubled [] Development Risk Doubled I












Cost Assessment Based on Total Program
SSTO
I10.0 Total Program COSt-.Ranking by cost for each phase of the program
prov=dedusing combmat=onof parametncs and grass-roots assessments.. !_
Grass roots data based on best Information now available using design I_
• Design and Development Cost
• Production Cost
• Operations Cost
• Life Cycle Cost
• Cost per Flight
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DDT & E Cost Usedto Identif PreferredConfi urations ,:_
SSTO _/_ v
10.0 a. DDT & E Cost - (Quantitative Evaluation) - The candidate vehicle options are compared on the h
basis of estimated total DDT&E system cost. The cost estimates are based on cost estimating
Rockwell SSTO Cost Model, based on Shuttle Orbiter Cost History, used to develop
DDT & E costs.
• Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.
• DDT & E cost for each configuration based on:
• Weight sizing data
• Complexity factors based on results of "Design and production complexity
assessment".
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0 erations Cost Used to Identif Preferred Confi urations , ,_.jr
SSTO , I/_ v
I10.0 b. Operations Cost- (Quantitative evaluation) - The candidate vehicle options are
compared on the basis of the cost of operations as determined from the operations B
• Rockwell SSTO Operations Cost Model used to develop an estimate for the total
operations cost for each vehicle option.
• Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.
• Operation cost based on sizing data and adjustment of operation complexities
for those subsystems directly impacted by design trade information.
• TPS refurbishment based on acreage
• Main Engines by estimated life, quantity per vehicle, and first unit cost.
• Facilities by size
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ProductionCost Usedto Identif PreferredConfi urations ,j
SSTO l,, _/_ v
[ 10.0 c. Production Cost - fQuantitative Evaluation) - The candidate ve.hicle options are
• Rockwell SSTO Cost Model used to develop production cost estimates for each
vehicle option.
• Rockwell SizingProgram used to resize each candidate configuration based on
the Reference Mission Requirements.
• Production costs based on sizing data and adjustment of manufacturing
complexities for those subsystems directly Impacted by design trade
Information.
• Complexity evaluation based on results of:
• "1.0 Production complexit X assessments" : more particularly,
manufacture and producibdity evaluations.
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Life Cycle Cost- Approach
SSTO
10.0 d. Life Cycle Cost- (Quantitative Evaluation) - The candidate vehicle options are 1_
compared on the basis of life cycle(DDT&E, Production, and Operations) costs over
I lO-years of operations using 5% discounting.
• Rockwell SSTO Cost Models used to develop the total life cycle cost for each vehicle
option which is driven by complexity assessment and Sizing Data.
• Rockwell Sizing Program used to resize each candidate configuration based on
the Reference Mission Requirements.
• Complexity evaluation based on design, analysis, tooling, and manufacturing
complexity assessments.
NASA - ROCKWELL/SSD - NORTHROPIGRUMMAN - ROCKWELL/NAAD/TULSA - HERCULES I
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Cost per Flight Based on 32 Flights Per Year
SSTO
10.0 e. Cost per Flight - (Quantitative Evaluation) The.candidate vehicle options are
compared on the basis of forcasted annual operations cost and achieving a flight rate
of 32fl hts er ear.
• Operations Cost estimates are based on achieving 32 flights per year for each
configuration based on manpower assessment for each option.
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• USE GRASS-ROOTS EVALUATION TO ESTABLISH BASELINE





• TOOLING & FACILITIES





• RATES: USE GENERAL RATES FOR ALL PARTIES
I
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Exam le: Desi n. Anal sis. and Toolin WorksheetJ
SSTO I/_ v
Includes Elevons
1 Assembly Desc ->
2 Assembly Weight->
3
3.1a Complex Drawings I
3.1b Average Drmvlnge I3.1© Simple Drawlngo
3.2
3.2a Complex Drawings 1.0 I
$.2b Average Drawings 1.0 I
3.20 81mple Drawings 1.0 I
-I










I II T°''°''°''lTotal Hours [Nw Cost I










[--'] ! II I I ,oo,,.,co.,IWeight Houre/lbs Total Houm
[ m,o871I _ _ I 67,145,4001
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Complexity Results For Wing Assembly(Part lSSTO)
I 2 I 3 I 4 I s I e
Wing&Wing Attach(NoilhroplGmmman)
1A.11tA-2 2A-1, 2A-1 _L_-I 2A.!
113-1 tA-S/tA-4 2A-2 Op! ¢!0 Opt Ili Old 112
WeighUng LO2 Tank LO2 Tank LH2 Tank LH2 Tank LH2 Tank LH2 Tank






Sandwich Sandwl01 9andwicF Sandwich Sandwich Sandwlct
LO Tank Skid, LHTank, LHTank, LHTank, !LHTank,
Aft Skid, Thrum Aft Skid Aft Skid, I Aft Skilt, i:Aft Skirt,
Thrum Strut Thrum Thrum Thrum Thrum
Stmc Only Slmc 8lmc Stmc Strut
1 Weight For Assembly
Compledtlee(100 • Ref B/L)
DOT&E(Non.Recurrlng) 100%
2 Desll_n Complexity 30% 110% 200% 100% 150% 140% 160_
3 Aualyele Complexity 20% 110% 200% 100% 160% 140% 150_
4 Tooling Complexity 32% 100% lS0% 10o% 15o% t2o% t6o_
6 Autoclave Complexity 6% 100_ 120/o 100% 140% 120% I OO"A
6 Attachment Complexity 5% 120_ 150% t00% 140% 130% 140"A
ProductJon(Ranunlng) 100%
7 Manufaclurlqg Complexity 65% 1t0% 150% 100% 160% 140% 180_
8 Interface Complexity 26% 110% 120% 100°/, 1G0% 130% 140_
9 Numbe_ of Parts 5% 100% 120% 100_ 150% 120% 150_
10 Matedal CoM 5% 100% 120% 10O'A 130% 110% 200"_
Opemtlona
11 THteblllty 100_ 120% 100% 140% 130% 140_
12 Acceulblllty 100",4 100"/, 100% 120% 110% 12o_
13 Malntelnmblll_ I00_ 120% 100% t 50% t20% 140_
TFU Com
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t Weight For Auembly








7 Manufacturln a Complexl_
8 Interface Complexl_
9 Number of Parle
10 Matedal Cold
SSTO r_
11 2 I 3 I 4 15 I. I , I . °
Interta nk Section(NaG)
1A-t let _-t Int 2A-1 ant
tar tO 9A 2B SA 4A-t 4A-2 OI]411 Opt 10 Opt tt
Mid locution
Mid Mid ÷ Wing fwd Iocatloll Mid Mid Mid
ocatlcn location Attech ÷ Canmrde Aft Location Aft Locldlon location Iocldlon location
Common Payload bay area - man -
Irdaflmnk Common Common atom÷ bmadloM ¢lmulmr Common Common Common
& payloa Inleflank 4 httaflank & oaruudo - ftmelage- tue41age - IntaNnnk • Intadank 4 Iniedank d
d bay payload payload bay common common common payload payload payload
lima bay atom man blkhd blkhd blkhd bay man bay lima bay man
LI.12Tmnk LH2 Tank
LH2 Tank LO2 Tank LO2 Tank LO2 Tank Forward, Forward, LID Tank LO2 Tank LO2 Tank
Forward Forward Forward Forward L02 Mid L02 Mid Forward Forward Forward
t00% 100*A 100_ 130% 130% 140% 120% 140_ 120%
100% 100_ 100_ 120% 130% 140% 130% 150_ 130%
100% 100_ 100_ 120% 110% 110% 140% 150% 140%
100% 100_ 100_ 110% 120% 120% 160% 160% 160%
100_ 100_ 100% 130% 120% 130'Y, 150% 180% 150%
100_ 100_ 100% 120% 120% 130_ 140% 150% 140%
100*A 100_ 100% 110% 110% 120eA 120% 150% 120%
10CPA I(X_ 100% 120% !10% 110%' 110% 150% 110%





Deallin & Develop CompI,xlty
TFU Complexl_
100_ 100_ 100% 110% 110% 120% 120"A 140% 120"A
100_ 100% 100"/, 120% 110% 120% 100_ 120% 100_
I00_, 100% 100% 110% 110% 120% 130"A 150% 130"A
11_ 1t_ |1_ 1 123%1 123%1 129%1 133%1 '"'1 133,117_I 11P_I 126-/. I 133-/.I lS0%I 133_
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1 Welliht For Aseembly
Complexities(100 • Referenoe B/L
DDT&E{Non*Rocurrlng) 100%
2 Doelmn ComplexlY/ 30%
3 ktalyol=Complex_ 28_
4 Tooling Complexity 32%
5 Autoclave Complexity 5%
6 Attachment Complexity 6%
Produdon(RocurrlnD) 100_
7 ManuMcturl_g Complexity eSY,
8 Intet/a©e Complexity 26"_
9 Number of Pmrta 6"A









It 2t $A 4A-1 4A-2
Aft 9klrt Aft $1dlt
Interlace Intedar, e Aft 8klft Inlefflk_
Conical Shell - Trum Conical Shell -
_ngmon frame Cortekuctlon Iongeron frame
LO Tank, Aft LO Tank, Aft
Skirt, Thrull Skirt. Thru_ To Aft Skirt.













I 100% 112% 106_
I 100% 130% 107"A
SSTO
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Programmatic Costs Assumptions
SSTO ,
• COSTS ESTIMATED IN 1995 DOLLARS, THEN
NORMALIZED
• ACQUISITION COST FOR 3-VEHICLE FLEET
• OPERATIONS COST ANNUAL COST/YEAR RATE
• 32 FLIGHTS I YEAR USED AS BASE
• COST DRIVEN BY:
• VEHICLE DRY WEIGHT
• ACREAGE OF TPS
• NUMBER OF ENGINES
• VEHICLE SUBSYSTEM FIRST UNIT vs. ORBITER
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SSTO
Finite Element Model
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Configuration 1A Finite Element Model
• Forward Hydrogen Tank- IM7 - 977
• Aft LOX Tank - Aluminum Lithium
• Both Tanks are Integral
• 2200 Square Foot Wing - BMI, Tied with Struts to
LOX Tank
• Payload Canister Between Tanks
SSTO
• Single RP Tank Under Payload Canister - BMI
• Twin Vertical Tails, 816 Square Foot - Supported
On The Thrust Structure - BMI
• Conical Thrust Structure - IM7 - 977
• Maximum Diameter of Fuselage - 384 Inches
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Configuration 2A Finite Element Model
• Aft Hydrogen Tank - IM7 - 977
• Forward LOX Tank - Aluminum Lithium
• Both Tanks are Integral
• 2200 Square Foot Wing - BMI, Tied with Struts to
Hydrogen Tank
• Payload Canister Between Tanks
SSTO
• Single RP Tank Under Payload Canister - BMI
• Twin Vertical Tails, 816 Square Foot -
Supported On The Thrust Structure - BMI
• Conical Thrust Structure - IM7 - 977
• Maximum Diameter of Fuselage - 384 Inches
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Configuration 3 Finite Element Model
• Forward Payload Bay- BMI
• Forward Payload Canister
SSTO
• Four RP Tanks Under Payload Canister - BMI
• Forward Canard, 363 Square Foot - Supported on the
Aft Bulkhead of the Payload Bay- BM
• Common Bulkhead Arrangement For Fuel Tanks,
Hydrogen on Top LOX on Bottom
• 2200 Square Foot Wing - BMI, Tied with Struts to
LOX Tank
• Twin Vertical Tails, 816 Square Foot - Supported
The Thrust Structure - BMI
• Conical Thrust Structure - IM7 - 977
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Configuration 4A-2 Finite Element Model
• Common Bulkhead Arrangement For Fuel Tanks,
Hydrogen on Top LOX on Bottom
• 2200 Square Foot Wing - BMI, Tied to Aft Payload
Structure
• Aft Payload Bay "Conical Shape" - BMI
• Single RP Tank Under Payload Canister- BMI
SSTO _r_
• Twin Vertical Tails, 816 Square Foot - Supported
On The Thrust Structure - BMI
• Conical Thrust Structure - IM7 - 977
• Maximum Diameter of Fuselage - 408 Inches
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Fuselage Station Cuts (Inches)
X
_=_Subcase 1000 "--"l_'-Subcase 1010
_'_Subcase 4000 & Subcase 4010
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Fuselage Station Cuts (Inches)
_m_Subcase 1000 _Subcase 1010 _*_Subcase 2000 O Subcase 2010
--'_Subcase 4000 -_A_-Subcase 4010 --'--Subcase 5000 _Subcase 6000
_X_Subcase 7000 _X_Subcase 8000 _+_Subcase 9000 " Subcase 9100
- Subcase 9200 _m_Subcase 9300 -'--D-_Subcase 9400 _*_Subcase 9500
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Configuration 2A - Shear Force
SSTO
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Load Factors For Finite Element Model Configuration 2B
SSTO
LOAD CASE DESCRIPTION FUELTANKWEIGHTS
ILH2 TANK LOX TANK RP rANK
Lbs Lbe Lbll
......................._,r_!a.,._h.-..U.n!...e!_d.-.w!,_d.-,Z.d!.r_qo........ ........ ............0,.......................0.......................0...........
















.........................._p! s un_.h.-.._.u_!e.d -.w!n.d..-.Z..d!r_t!on..........................1.e._,45_.......1.,9.00,444.......2...2..1.,946. ......0:00.0...........! : 0000..............0:0000..............0:00.00.................0 .....
Prelaunch - Fueled - wind +Z direction 183,456 1,900,444 221,946 40,000 1.0000 0.0000 0.0000 0
......................................L!!t.o._.-.w_..,.d.-.Z_!re_t!o.n... ....................................._._.,4_ ..1:900,444..
Lift-off - wind +Z direction 183,456 1,900,444
.....22!,.94E......4o,o0o.........1:3200... ...........0:00.00............- 0..0!.09.... ...3,.13.94,000"
221,946 40,000 1.3200 0.0000 0.0016 3,395,088
...............M s.x.q..A.!phs....p.os!qv._.._.._!e.oLp,_,_ck..(_.D..._r_s.). .......1 4.3..,7.,4,3,... ....1...3...6..1.,6...7.0.. ...! _:._, .......4O,00O.........._:5_00... ..........0:0.000.............O:p_........._,06_:00_
..............Msx,..q.A!p.h,s.-.n...eg.stiv..e...snp.o!.,st_c.k..(4.D_rees)..........1 3:743........1:3.S.1.:_0........13S:549........,40,.000..........1 .:5500.............0 0000.............-0,:.35.46.......,4.,063:._48
Max q Beta - positive an_le of attack (4 Degrees) 143,743 1,361,670 138,549 40,000 1.5500 TBD 0.0000 TBD
Max Thrust - angle of attack Is zero 99,850 766,184 I 46,373 I 40,000 I 3.1500 0.0000 -0.0056 3,704,368
TAEM Maneuver 2.5 _1 917 9,502 I 1,110, I 40,000 I -0.7995 0.0000 2.5000 0
Main Gear Landing - Max Vertical Load
Main Gear Landln B - Spin-up










-0.6885 0.0000 3.0935 0
-0.9754 0.0000 2.0224 0
0.2271 0.0000 1.6765
Nose Gear Landin_ - Max Vertical Load
Nose Gear Landing - Spin-up
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Load Factors For Finite Element Model Configuration 3 j/
SSTO
i
LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload
LH2 TANK LOX TANK RP TANK Weight
Lbs Lbs Lbs Lbs
Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000
.... , ........................ ..,....... .......... . ......... o.. ........................... • ...................... . ................................................... . ......................... , ................................. ...
Pr=!:unch - Unfuclcd - wind +Z direction 0 0 0 40,000
LOAD FACTORS (ACCELERATIONS) ENGINE
Nx Ny NZ THRUST
g'S O'S O'S Lbs
.......!:o0oo............ooooo..............o:oooo................q...........
1.0000 0.0000 0.0000 0
Prelaunch - Fueled - wind - Z direction
b..................................................................................................................................
Prelaunch - Fueled - wind +Z direction 183,456 1,900,444 221,946
...._o:o0q...........1..:noon.............o:qoqo.............o:009.0. ...............o .......
40,000 1.0000 0.0000 0.0000 0
Lift-off - wind - Z direction 183,456 1,900,444 221 946 40,000 1.3200 0.0000 -0.0307 3,352,592
,.,,.,...........o........., ........, ...........,,..........°.........,,...................................... .............................., °m ..................................' .......m...... •...........................• .......................• ...........................•.......................
Lift-oft - wind +Z direction 183,456 1_900_444 221 r946 40,000 1.3200 0.0000 0.0054 3,352,712
Max o Aloha - oosltive annie of attack (4 Denrees_ 143,743 1,361,670 138,549 40,000, 1.5500 . 0.0000 , 0.3299 3,788,432
....4o,ooo.........!:5_oo.............o:oooo ........:o:_567.......3 , .7..4...7.,° 6 .4
........... Max ,.qA!p,ha.-...n....e_...a.t.l.v..e..an.g!e.of..a..tta..ck.(4 D.eg.reee). .......... 1.4.3,7,43...... 1....3,.61.,67P.,
Max q Beta - positive angle of attack (4 Degrees) 143,743 1,361,670
Max Thrust - angle of attack Is zero
.....!_P:549
138,549 40,000 1.5500 TBD
TAEM M.oneuver 2.5 g
0.0000 TBD
99,850 i 766,184 46,373 I 40,000 3.1500 0.0000 -0.0747 3,898,368
917 9,502 1,110 I 40,000 I -0.6830 0.0000 2.5000 0
Main G=_.=rLanding - Max Vertical LoA_d
Main _=r Landing - Spin-up










Nose Gear Landing - Max Vertical Load
Nose Gear Landing - Spin-up












1,110 40,000 -0.6483 0.0000 2.9993
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Configuration 3- Shear Force
SSTO
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Load Factors For Finite Element Model Configuration 4A- 1 _j
SSTO
LOAD CASE DESCRIPTION FUEL TANK WEIGHTS Payload LOAD FACTORS (ACCELERATIONS) ENGINE
LH2TANK LOX TANK RP TANK Weight NX Ny NZ THRUST
Lbs Lbs Lbs Lbs g's B's g's Lbs
Prelaunch - Unfueled - wind - Z direction 0 0 0 40,000 1 0000 00000 00000 0
........... , ................................... °.., ........................................................... , ................................ * .......................................... . ............. ,.. ....... 0 ............................................ 4 ........................... • ........................... t-...,....., ...........
Prelaunch - Unfueled - wind +Z direction 0 0 0 40,000 1.0000 00000 0.0000 0
Prelaunch - Fueled - wind - Z direction 183,456 1,900,444 221 946 40 000 1 0000 00000 0.0000 0
................................................. , ............ ,* ......... °,, ....................... ,,.,,, ................ ,.,, ...................... ,*.,,..,..,l ................ ,*° ....... I ............. ,,D, *,*,°.,,'ql.,.,'"'** ....... *.*,l.*,,,., ......... *., ........ o..,,-,**,,.*°,,,,,,.,,.,-Q .......... ,,,,*,,.., ....... 9.'"' ............... ""
Prelsunch - Fu=led - wind +Z direction 183,456 1,900,444 221,946 40,000 1 0000 00000 00000 0
Lift-off-wind- Z direction 183,456 1,900,444 221,946 40,000, 13200 • 00000 , -0.0212 3,480,234
............................ .., .......... ,... ......... ,°, ........................................ . ........................... ,................................... ,° ............... , ........................................................................ , ................... . ............................... ,...,..* .......................
Lift-off - wind +Z direction 183_456 1,900_444 221,946 40,000 1 3200 00000 -00003 3,480,234
...............M_.x.._._!p..h..p._.p..o.s!t.!v?._n._.!_...o!..a_._.c.k...H.D_lrp._p.).. .. .. .1 4 3;.7...4.3. .!,36_.,.e.Zo........!3.87._P.... ...._0.,00.0..
........... .M.ax.9.A.!p...h..a..-.n...._..a..tl.v.e..sngJeof a...tt@.c.k..(4..D..eg.r_..s.)......;.....143,7..4.3...i...1;.361.,.6...7.0........1.38:549 ....... .40:000..
Max q Beta - positive angle of aflAck (4 Degrees) 143,743 1,361,670 138,549 40,000
Max Thrust - angle of attack Is zero 99,850 766,184 46,373 I 40,000
........1 :_po.......
1 5500
.......]:_5oo .............o0ooo .............o:o_zo .........4.,.4..I.o,!..3..4.
00000 0.0770 4,317,21C
........................... • ........................... 9 .......................
TBD 00000 TBD
TAEM Maneuver 2.5 g
3.1500 0.0000 -00135 3,915,768
917 9,502 1,110 40,000 I -12306 00000 2.5000 0
Main Go:r Landing - Max Vertical Load
M=!n Gear Landing - Spin-up






Nose Gear Landing - Max Vert!c__! Load
Nose Gear Landing - Spin-up





40,000 -0.8647 0.0000 1.6110
40_000 -0.9239 0.0000 1.2963
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Configuration 4A- Shear Force _,_
SSTO _'-_,_/" _
500,000 r
400,000 -I- /X""--X_ X
+_+
_oo,ooo_ /" o\ / \
 oo,ooot /
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Load Factors For Finite Element Model Configuration 4A- 2j
SSTO i_,_;- _,
LOAD CASE DESCRIPTION FUEL TANK WEIGHTS
LH2 TANK LOX TANK RP TANK
Lbs Lbs Lbs
.......................pr..e.!e...n.ch.-.U..fue!ed,-.,w!.nd.:.Z.d!.r_!!o,n. ....... ...................0 ...............0 ................0 ....














..........................Pr.e.! a...u..n..c...h..-.Fue!e_.-.w!.n.._.-..Z.._!r._t.!on.. ............. .........! e_:4 _.e.... .. .! ,_,,_.4_.. .....2_!:o_.e........40,o.o.o.. .. ......t: o...o...q.o... .. .. ... q:.o.o...o..o.......... ..o :00.0.o.. ..............o..........
Prelaunch - Fueled - wind +Z direction 183,456 1,900r444 221,946 40_000 1.0000 0.0000 0.0000 0
......................................L!! t: o.!L-wl!n,d.-.Z..gLr._!.,on...... ... ...............................1 e3 :456 ..1.,90.0,.444.... 2_!,9_6.........4.9,000..........! :3.200..... ........0:0.0.00...... ......."0 :r0.2_4......3:._.9..4:_5_
Lift-off - wind +Z direction 183,456 1,900,444 221,946 40,000 1.3200 0.0000 -0.0029 3,394T85E
..............._x...q.A!P..._.e_p...°.s.!9ve._e_n9!..e.._°.!_.t..La...c..k..H._`..e9_r..e...e.P._. ..
..............Ma.x...q..A!p..ha.;..ne._atlve.ang !e..of.at._c.k..(4..Deg.r,e_s} .....
Max q Beta. positive angle of attack (4 De_lrees)
..!4_:_.4_... ....1 :_.!.,.6...z.o.. ..1 .3.8.,549.........4 0,000...........! :55..q.0...............0: 00.0.0.. ...........q 09.!Z..........4,.!72:64E
.....14_:E4.3.......1.,361.:6..70.. ....! 3_.:549...........4.0,000...........!:5.5..0.0.... .. ........o.:..o..o..q.o........... ..:0.:_.6...4_.....4,._16.:699.
143,743 1,361,670 138,549 40,000 1.5500 TBD 0.0000 TBD
Max Thrust - angle of attack Is zero 99_850 766f184 46_373 I 40,0001 3.1500 0.0000 -0.0230 3_712,09(_
TAEM Maneuver 2.5 _1 917 9,502 1,110 40,000 -0.8954 0.0000 2.5000 0
Main Gear Landing - Max Vertical Load
Main Gear Landing - Spin-up










-0.7379 0.0000 2.5066 0
-0.8837 0.0000 1.9205 0
0.3784 0.0000 2.2841
Nose Gear Landing - Max Vertical Load
Nose Gear Landin_ - Spin-up










-0.4343 0.0000 1.2504 0
-0.4571 0.0000 2.0664 0
-0.4258 0.0000 2.0284 0
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Configuration 4B - Shear Force
SSTO
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Analysis Methodology for Composite Stiffened Skin /2
(Cont.) REUSABLE -_
Calculate Column Slenderness Ratio for Frame Spacing, L (in.) CRYOTANKS _
L'= L/4_, Where c (assumed) = 1.4 For Semi-Pinned Ends
Exlxx y,








Section Will Fail By Elastic Buckling or Interaction Between Buckling
and Crippling
Calculate Fco and Fcr
¢c
Fco cc 4 Fstiffener
= F_tiffener[1 + _]
Exstiffener
Fco(L'/p) 2
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Example Calculation -Composite Stiffened Skin j
REUSABLE _" v
Stiffener/Skin Cross Section CRYOTANKS /,7//
_ 0.5_,_-
12_32 I' LAMINATE CONFIGURATIONS
1,2,4 (70 / 30 / 0); Ex = 15.2x106; Fx cu = 115.0 KSI (-423F)
3 (100 / 0 / 0); Ex = 20.4x106; Fx cu= 222.0 KSI (-423F)








































































_= (2.509876) -0.599828 in.(fromREF.)
(4.184326)
Elxx = (2.765245) + (0.168679) - (4.184326)(0.599828) 2 = 1.42843 lx 1061bs. - in. 2
ExA = 4.184326 lbs.
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Example Calculation -Composite Stiffened Skin
(cont.)
REUSABLE .,"F._,_ " v
Element 2 Stiffener Web CRYOTANKS /,//
bit = (1.086)/(0.066) = 16.45 (NEF)
Calculate -
(16.45){(0.130499)} = 2.15
Fcc / Fx co = 0.46 (for parameter = 2.15) NEF
FCC2 = (0.46)(115000) = 52900psi
FCc = (0.5)(0.132)(112700) + (1.086)(0.066)(52900)












Calculate Element Strength Margins
(115000) _ 1 = +HIGH
M.S.i.2.4 = (1.4)(39592)
M.S._ = (222000) - 1 = +HIGH
(1.4)(53136)
M.S.5 = (30400) 1 = +HIGH
(1.4)(7814)
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Example Calculation -Composite Stiffened Skin /2
(cont.) REUSABLE -_
Calculate Johnson-Euler Crippling Allowable CRYOTANKS /,_




FcR= 53824 > -- = -- - 41655
2 (2)
= 53824psi
Therefore, the Johnson-Euler calculation applies (rather than the Euler allowable).
Calculate Margin of Safety (Stability)
(53824)
M.S.I,2 = - 1 = -0,02
(1.4)(39592)
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CylindersOptimizati°nAnalysis for Honeycomb Sandwich j
Axial Compression (Isotropic Facesheets) REUSABLE ,_.",_ v
CRYOTANKS /,//
Design Allowable Buckling Stress:
Ocr / 1"1=y lCc E
for tl=t2=t f
Oct / q = I'ICcE
h 2-_/tlt2
r x/i - la2 (t I + t2)
h 1
R x/l- _t2 _,
(Equal Facesheets, R = Radius of Cylinder)
For the region of application Cc = (1 - Vc) for Gxz <__1
Goz





c / ] [ [ -[ \ _Adhesive(typ)
_"X_Faceshee t (typ)
With V c- _ c
2_/l_lx2hRGxz,-_ l andusing Cc=(1-Vc),
_'l [1 Etf ]E h = Correction Factor for R /
_cr / "q _ L 2RGxz l_- _2 J _" 71
P
Introducing the load requirement and assuming Nx = 2t_cr (q = I),
Nx_ Y' I1 ]E
-_f - ° cr - _ 2 R G xz 1_- _ 2 j r
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OptimizatiOncylindersAnalysis for Honeycomb Sandwich j
REUSABLE ,_. :_]" v
CRYOTANKS /,//
Check for stability to preclude intracell buckling and facesheet wrinkling.
%r / 1"1= KL--
E
1 -ltt 2
where K L is a function of _ / s (s = honeycomb cell size)
Ocr / 11= Kw_EEcG c where E c = flatwise compression modulus of core
Gc = shear modulus of core
K w = 0.43
Note: These isotropic formulas will be used for trade study
sizing. They will be modified for orthotropic properties
for detail design.
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Intertank Skin Sizing Analysis Examines Strength, Wrinkling, L2
and Stability Failure Criteria
Composite JF.'_;ff v
Structures /,///
I Finite Element Model Forces I





Mar gin of Safety M.S. = Eallowable/Eapplied- 1
E,_ed_- Nx/2tE, for sandwich
N x- Load applied
Ex- Modulus
t- each face sheet thickness
E:,llow,blc _ from established design allowables (_ri,cd ho_co )
- repression
• Face Sheet Wrinkling Check:
Fw, = [.82{ Ect/(E,Ey) ,/2 tc }1/2 (E,Ey) i/2]/(1+.64k)
M.S.= (Fwr/fapplied)- 1
where k= (SEe)/tcF cand 5 =. 0052
Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6
NASA - ROCKWELL/SSD
• Shell Stability Check:
F c = ((kK(ExEy)'_)/_la )(h/r)
M.S.= (FJf, ppti_d)-1
Reference: MIL-HDBK-23A, pg 12-3, eq 12:3a
k- reduction factor, cylinder
K- theoretical buckling coefficient, core
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Intertank Frame Sizing Analysis Examines Crippling .._
Failure Criteria
Composite




£o.- compression ultimate laminate
(x, 13- coefficents developed from test data
For flange
initial buckling strain
E_,n,,s . = .451_¢,(l_¢JEcr) '73
where E.= (12D66/b2tEx)+(4/t2Dl jL2tEx)
M.S, = ec.flange/E.pp = 1
For web




if £. web< E.f_.se then
E¢.=[(ExAn,.s_)/(ExAn..e,+E_Aweb)]( E. elanse-Ecs web) + Ecs web
Finite Element Model
M.S.= co,,/e.,_- 1
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Wing Skin Sizing Analysis Examines Strength, Wrinkling, and f2
Stability Failure Criteria
Composite ,_.._ v
I Finite Element Model Forces I Ny Structures /,//N /.x! !
Nxy _ Nxy
.x
• Laminate Strength Check:
Margin of Safety M.S.= I_allowable/_applle d- 1
F-_.applied -" N,/2tE, for sandwich
N,- Load applied
E x- Modulus
t- each face sheet thickness
E:,l_,,,ble = from established design allowables
• Face Sheet Wrinkling Check:
Fw, = [.82{Ect/(E,Ey) '_ tc} la (E,Ey)lrz]/(1+.64k)
M.S. = (F,Jf,_,,ed)" 1
where k= (SEe)/tcF cand 8 = .0052
Reference: MIL-HDBK-23A, pg 3-4, eq. 3:6
• Skin Stability Check:
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Interaction curves
References: MIL-HDBK-23A ppg 5-2, eq. 5:2a
Northrop Grumman Structural Design Manual pg 301.6.4
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WingandBondedAnalysisJointsinCludesExamination of FastenedstructuresCOmposite,
Fastened Joint
• Calculate maximum load per fastener,
P, using grid point forces
• Calculate allowable load per fastener
using analysis code BJSFM, Pallow
(ref. Northrop Grumman Structural
Design Manual section 402.6)
M.S.=( Pa,ow/ P)- 1
Bonded Joint
• Calculate maximum shear flow
q=P/L




section a-a spar web
q .,ow = Fsu(We.)
M.S.= (q a,ow/q) -1
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